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THESIS i 
ABSTRACT 
Spectroscopic studies of polyatomic molecules are very difficult due 
to fact that polyatomic molecules contain many atoms and it is complicated 
to study the combined effect of all the atoms forming a polyatomic 
molecule, unlike in diatomic molecules where the situation is simple and 
straightforward regarding its vibrational and electronic energies. In the case 
of polyatomic molecules number of vibrations depends upon number of 
atoms and arrangement of these atoms in molecule. There are many 
vibrational energies giving rise to many vibrational frequencies. For a non 
linear polyatomic molecule having N atoms, the number of vibrations will be 
3N-6 whereas for linear molecule the number of vibrations will be 3N-5. 
In this thesis, the spectroscopic studies of some organic compounds 
are reported along with the general introduction indicating the theoretical 
background and interpretation of vibrational and electronic spectra of 
polyatomic molecules in general and benzene and its derivatives particular. 
The results investigation of the FT-Laser Raman, Stokes Laser Raman, anti-
Stokes Laser Raman, FTIR in two phases i.e in liquid and in solid phase, 
electronic absorption spectra of some complex substituted benzene 
derivative, reported in this thesis. 
The thesis have been divided into seven chapters including the 
chapter of General Introduction. 
The first chapter of General Introduction deals with the general 
theory of the molecular vibrations observed in the infrared and Raman 
ItiESlS 
spectra of polyatomic molecules on the vibrational and electronic spectra of 
benzene which provides a guide line for the studies in the vibrational and 
electronic spectra of substituted benzenes. The classical and quantum 
mechanical treatment of the vibrations of polyatomic molecules have also 
been described. Both methods give the same conclusion that the vibrational 
motion of the polyatomic molecule may be considered as superposition of 
3N simple harmonic motions in the 3N normal coordinates. Symmetry of 
normal vibrations and normal eigen functions is also discussed. The 
different selection rules for the infrared and Raman spectra are also 
described. 
The chapter 2 describes the spectroscopic methods used in the present 
work. The infrared and Raman spectroscopic techniques together constitute 
the vibrational spectroscopic methods for the determination of molecular 
structure. Infrared spectroscopy involves the absorption of infrared radiation 
having energy equal to the vibrational energy levels of the molecules under 
investigation. Raman spectroscopy is based on the inelastic (Raman) 
scattering of radiation by the molecules. In the last few years the advent of 
near infrared Fourier Transform Raman (FT-Raman) spectroscopy has 
revolutionized Raman spectroscopy with the help of Laser source. We get 
Raman spectrum with high intensity and background continuum is absent 
due to the high intensity and high monochromaticity with the Laser source. 
The Fourier Transform method increases the signal to noise ratio and 
reduces the measurement time due to high intense laser source as well as the 
dissociation of the molecule is also avoided. The theory of FT-Raman 
3 
spectroscopy has been discussed and a comparative study has been done 
between Laser Raman Spectrometer and FT-Laser Raman Spectrometer. In 
order to record Laser Raman and FT-Laser Raman Spectra Argon ion and Nd 
YAG Lasers have been used respectively. FTIR and UV-visible double beam 
spectrophotometers have also been described. 
The chapter 3 describes the spectroscopic studies of 2,3,5-Tri-
iodobenzoic acid. Laser Raman Spectra were recorded employing both 
dispersive and interferometric spectrophotometers. These were recorded 
both in solution and in solid phase. The molecular vibrations observed in 
these spectra have been assigned in terms of the particular modes of 
vibrations and their combinations. FTIR spectra of the same were also 
recorded in solid and liquid phase in the region 400-4000 cm''. The change 
in intensity and shift in frequency of the different modes have been 
observed. Most of the frequencies due to COOH group are observed. The 
C=0 stretching frequency has been observed at 1643 cm'' with strong 
intensity in the FT-IR spectrum. The same vibration is obtained at 1711 cm'' 
with very strong intensity in FT-Raman spectrum of the same molecules. 
C—I stretching frequency vibrations has been found at very strong 
intensities 454, 507 and 592 cm'' in FT-IR spectrum of 2,3,5-Tri-
iodobenzoic acid. In Stokes and FT-Laser Raman spectrum C-I i.p.b. and C-I 
o.p.b. have found. In electronic spectrum of the same rholecule three 
electronic bands have been observed at 2080 A°, 2500 A° and 3030 A°. All 
three bands have vibrational structure due to higher resolution of the 
spectrophotometer. These remaining bands have been described as the 
h 
vibrational structure of corresponding electronic bands. Our research paper, 
"Laser Raman and FT-IR spectra 2,3,5-Tri-iodobenzoic acid", has been 
published in Indian J. Phys. 77B(3), 315-318 (2003) 
Chapter fourth gives a study of FT-Laser Raman in solid phase, Laser 
Raman including stokes and anti-stokes, FTIR in solid as well as in liquid 
phase and electronic absorption spectra of 3P-Tosy Cholest-5-ene. For 
recording Laser Raman spectra, the exciting line was Argon ion Laser of 
wave length 488 nm. This is blue line corresponds to ^Dsn -^ ^Pyi 
transition. FT-Raman spectra were recorded using Nd YAG Laser of wave 
length 1064 nm. Since the spectrum of this molecule is very complex due to 
the fact that its structure is not so simple and uniform one. The assignment 
of frequencies in this molecule are difficult due to low symmetry and high 
complexity of the molecule. In FTIR solid phase spectrum of the compound, 
a large number of additional bands have been observed that are not found in 
FTIR liquid phase spectrum. This is because, the interatomic force increases 
in the solid phase, and solid phase spectra corresponds to unit cell Each unit 
cell gives its line in the spectrum. Two C-CH3 rocking vibrations have been 
appeared at 1045 and 1100 cm"' in FTIR spectrum of the same molecule. In 
stokes Laser Raman Spectrum, these are having the positions at 1035, 1092 
cm"'. Only one C-CH3 could be resolved in anti-Stokes Laser Raman 
Spectrum at 1059 cm"' corresponds to C-CH3 rocking. In the electronic 
spectrum of the same molecule three electronic bands have been observed. 
These electronic bands have been found at 2050 A° and 2620 A°. Our 
research paper "vibrational spectra of Cholestoerol derivative and its 
% 
assignments" has been accepted (in press) for publication in the Indian 
Journal of Physics. 
Fifth chapter includes the Laser Raman, FTIR and Electronic 
absorption spectra of 3p-hydroxy-5p-methyl-19-nor.stimast 9(10)-en-6a-ol. 
Laser Raman including Stokes as well as anti-Stokes spectra have been 
recorded and analyzed. FTIR in solid phase and liquid phase have also been 
recorded. A frequency shifts and change in intensity of the modes have been 
observed. It has been assumed that all the groups attached to this molecule 
behave as a point mass under as an approximation, this molecule may be 
treated as belonging to the Cs point group. The only symmetry element will 
be the molecular plane containing all the atoms. Since the structure of 
presented molecule itself a complex. The appearance of the spectra of this 
molecule is quit complicated. 
Chapter sixth deals with the FT-Laser Raman spectra of m- & p-
Hydroxyacetophenones. The acetophenone and benzaldehyde molecules are 
quit similar in arrangement of their constituent atoms. Therefore, for 
vibrational assignments, assistance has been taken from the vibrational 
assignment made for benzene derivatives containing OCH3, CHO and OH 
groups. In addition to the normal vibrations of molecule, group vibrations 
o 
associated to C-CH, and -OH are also assigned. The C=0 stretching frequency 
is observed at 1668.3 cm"' with very strong intensity in m-Hydroxy 
acetophenone. The same band has been found at 1665.9 cm'' with also 
strong intensity in p-Hydroxyacetophenone. This frequency has been 
correlated in a large number of derivatives of acetophenone and 
d 
benzaldehyde. In this chapter fundamental vibrations of m- & p-
Hydroxyacetophoenes are summarized in a self explanatory tables. It shows 
the effect of substitution on the frequencies of normal vibrations of benzene 
molecule. 
The last chapter seven contains the vibrational contributions to 
thermodynamic quantities such as Enthalpy Function, Heat Capacity, 
Entropy and Free Energy function. These quantities are calculated using the 
fundamental frequencies observed in the Raman and infrared experiments 
for 1 mole of the ideal gas at 1 atmospheric pressure. The calculation of 
thermodynamic quantities from spectroscopic data gives more accurate value 
than measured. The values of thermodynamic quantities, calculated at 
different temperatures, are plotted as a function of temperature. These 
calculations have been carried out for all the molecules under the present 
investigation. Our research paper "Thermodynamic functions of 2,3,5-Tri-
iodobenzoic acid", has been communicated in Indian J. Pure 8c Appl. Phys. 
(India). 
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CHAPTER 1 
GENERAL INTRODUCTION 
Spectroscopy is an important tool to determine the molecular structures of 
various types of molecules. In a diatomic molecule the situation is simple due to the 
fact that it contains two atoms and the theories of diatomic molecules are clearly 
defined and well understood. It contains three types of energies namely, the 
rotational energy, vibrational energy and electronic energy. These energies are most 
of the time are coupled with each other. Various energies are separated according to 
Bom-Oppenheimer approximation and there independent energies give rise the pure 
rotational, vibrational and electronic spectra. In the case of polyatomic molecules the 
situation is quite different due to the presence of number of atoms more than two. In 
this case the electronic energies can not be treated separately due to the fact that it 
involves more number of atoms. Electronic energy appearance is a quite 
complicated and it gives rise various electronic transitions associated with the 
vibrational frequencies. Therefore it was thought to explain the spectra of 
polyatomic molecules with the help of vibrational spectra. These spectra are 
important due to the fact that the vibrations observed in the vibrational spectra give 
rise the appearance of various normal modes of vibrations, their combinations and 
overtones. 
The theory explaining the various molecular vibrations observed in infrared 
and laser Raman spectra of polyatomic molecules are given as follows. 
1.1 Mathematical Formulation of the Vibrational Motions of Polyatomic 
Molecules. 
Vibrational motion of a polyatomic molecule may be considered, assuming 
that no rotation of the whole molecule takes place. In case of non-linear molecules 
consisting of N nuclei, 3N-6 coordinates are required for describing the relative 
motion of the nuclei with fixed orientation of the system as a whole. In linear 
molecule there are 3N-5 degrees of fi-eedom. 
Vibrational Energy- The normal vibrations and normal coordinates can be 
introduced by using the law of conservation of energy. The potential and kinetic 
energies of any particle i carrying out simple harmonic motion with frequency v, is 
given by 
Vi=^kiSi' (1) 
1 1 2 
and Ti = - mi Sj = - miVj (2) 
respectively. Where kj is the force constant Sj the displacement and mj the mass of 
the particle i. 
Therefore, the total energy of the i"' particles is given by 
ff. = T, + V.^^ik,s^+m,s!) 
In case the displacements are sufficiently small, the potential energy of the nuclei is 
given by 
where xj, yi, Zi are the components of the displacement of the atom i along the thee 
fixed axes and k'-" are the force constants. 
If we denote the coordinates xi, yi, zi, X2, yi, Zi • by qi, qi, qa, q4 , 
The potential energy may be written as 
^ =2T,K^.<lj= 2^u<J\ +:^k^^l + +Mi+*i3^i^3+ (4) 
This holds, as long as the displacements are small compared to the intemuclear 
distances. In the presence case 
and the kinetic energy is given by 
In terms of new coordinates 
^ ii 
where by =0 for i# j , and bi i = b22 = baa = mi. b44 = bss = bee = m2, ( 6) 
Introducing new coordinates T|I,TI2, T|3N by means of the linear 
equations 
[xi = ]qi=CiiTii + Ci2ri2 + C13TI3+-
[yi = ]q2= C21TI] + C22TI2 + C23T13 +-
[zi = ]q3= C31TI1 + C32TI2 + C33TI3 + 
(7) 
qi=CiiTli+Ci2Tl2 + Ci3Tl3 + 
By the appropriate choice of Cik, the expressions for V and T in terms of the new 
coordinates are 
V=-i^,n^,+^2r}l+^^r}l+ + A,;7f+ + A3 '^7L) (8) 
T = ^ iij' + Vl + Vl+ + ^ f+- + 7^) (9) 
where X\ are the roots of the secular equation. 
k i i - b i i X 
k2i -b2iX 
3^1 - bsiX, 
k i 2 - b i 2 ^ 
1^ 22 - b22^ 
^32 - b32A, 
ki3-bi3X, 
k23 - ^23^ 
k33 - b33A, 
0 (10) 
The total energy is now 
2 
H=V + T^i-(A,rj',+rj])+^(X,rjl + Jjl)+- (11) 
It is the sum of 3N mutually independent terms, each of which has the fonn 
of the total energy of a simple harmonic oscillator of unit mass. The motion of the 
system of N particles may be considered as superposition of 3N independent simple 
harmonic motions in the new coordinates. 
77, = TJI Q0s{2KVft + <j)j) , where the frequencies v; are related to the constant A, by 
X.=AnW, 
If we substitute the equation (5) and (6) in (10) we obtain equation for X, 's 
k^^-m^X 
A:" 
A:" 
*JJ-/«,/l 
'^xz 
it" 
k'i 
* " 
k'l 
kH 
.NX 
/C,_ k':-m,Z k'^ 
e: k^J-m,X 
.N\ .N2 
\N 
. IN 
AN 
IN 
kT-m,X 
= 0 (12) 
This determinant is of the 3Nth degree and therefore has 3N roots. Thus in principle 
the frequencies of the normal vibrations of polyatomic molecules may be 
determined. 
1.2 Vibrational energy levels and Eigen functions. The Schrodinger equation of a 
system of N particles of coordinates Xj, y-,, z\ and masses mi is given by 
, 2 . . . \ 1 5> a> a> E— .2+-Zt + -^2 + ^ ( E - V ) v | / = 0 h (13) 
where \)/ is the wave function, E is total energy and V the potential energy. For V, 
we have to substitute the expression (3) in which it was assumed that the 
displacement are small. Introducing normal coordinates by means of equation (7), 
equation (13) becomes 
ay aV 
dr\l dr\l + + 
E--(>^|Tl'+XjTl2'+>.3Tl^+ + >.3NT13N) V|/ = 0 (14) 
where Xi are the roots of the secular equation (10). By substituting 
V = M'i(Tli)V/2(Tl2)¥3(n3) V3N(T13N) (15) 
equation (14) can be resolved into a sum of 3N equations. 
M/. anf h^  + — ( E < - - M ? ) = o (16) 
with Ei = E| + E2 + E3 + + E •3N 
Equation (16) is the wave equation of a single simple harmonic oscillator of 
potential energy —hrj^ and mass I. Thus in wave mechanics as in classical 
mechanics the vibrational motion of the molecule may be considered as a 
superposition of 3N simple harmonic motions in the 3N normal coordinates. 
Ener^ levels. The eigen values of equation (16) are given by 
E.=hv.(Vi+l), v, = 0,l,2 (17) 
where v, = — . , J A , is the classical oscillation frequency of the normal vibration i, 
and Vj is the vibrational quantum number. 
According to the equation (17) the total vibrational energy of the system can assume 
only the values. 
E{v„v„v„ )= ; ,v(v ,+i j+ ;2vJv2+- j+; jV3fv3+-J+ (18) 
and the term values are given by 
G(V„V„V3, ) = ^ ''^'^''^' ) = ^ (yA-^^(yA^^(yA^^ (19) 
he 2 2 2 
V- I 
where 0)^=-^ are the classical vibrational frequencies measured in cm" . 
c 
By determining the classical vibrational frequencies v; from the secular 
equation (10) the quantum theoretical energy values are immediately found. 
Eigen functions. The mathematical form of the eigen fiinctions is 
Vi(Tli) = N^e^^>''H4V^) (20) 
Where Nyj is normalization constant, a, =27tVi/h and H^(ya /n^ ] is the 
Hermite polynomial of the v,''' degree. In fig. 1.1, the broken curves denotes the 
8 
eigen function V|/i(T]i) and the full curve, the probability |ij/j(r|i)p of finding the 
oscillator with coordinate r|j. The absscisa apart from a constant factor is the normal 
coordinate r]. The total vibrational eigen function, according to equation (15), is the 
product of 3N-6 or 3N-5, harmonic oscillator functions (20). It is a function in the 
(3N-6) dimensional or (3N-5) dimensional space of the 3N-6 or 3N-5 normal 
coordinates. The functions are even or odd depending on whether Vj is even or odd. 
It is because the function contains only even powers of r\\ for even Vi and odd 
powers of Tii for odd Vj. Since vj/i(rii) is a factor of the total vibrational eigen 
function \\i. 
1.3 Degenerate vibrations 
It may happen that two (or more) roots of the secular equation (10) coincide, 
that is, that two (or more) normal vibrations have the same frequency. The two (or 
more) vibrations are then called degenerate wdth each other. If a molecule has a 
doubly degenerate vibration, two of the co's. in equation (19) are the same, say. 
©a = cOb and the formula for the term values may be written as 
G(V„V2,V3, ) = 0),(V, +-)-KOj(Vj + - ) + -KO|(Vj + ] ) + (21) 
where coj = ©a = ©b and Vj =Va + Vb 
Each one of the mutually degenerate pair of vibrations gives its contribution 
— ©i to zero point energy. In the corresponding total vibrational eigen function we 
have the factor. 
M/j = N^ e^ "^ )^ "'*'^ ^ H , 3 ( V ^ H , , ( V ^ ) (22) 
»-io 
/ \! 
H^  
»-< 
v-3 
Fig. 1.1 Eigenfunctions and probability distributions of the harmonic oscillator 
for v, = 0,1,2,3,4 and 10. 
10 
wherea, = -= 
h h 
Since \iA^<x\\\= constant (polynomial of degree zero), there is only one function 
for Va = Vb = 0 that is zero point vibration does not introduce degeneracy. 
If the degenerate vibration is excited by one quantum, we have either Va = 1, Vb = 0 
or Va = 0 , Vb = 1, that is there are two eigenfimctions for the states Vi = Va + Vb =1 of 
energy G = <Oi(l+l) 
It is doubly degenerate. In this case only linear combination of the two 
functions (22) is also an eigenfunction of the same energy level. If two quanta are 
excited [vi = 2, G = ooj (2+1) ] we may have Va = 2, Vb = 0 or va = 0, Vb = 2 or 
Va = 1, Vb = 1 that is there is a triple degeneracy. Quite generally the degree of 
degeneracy if Vj quanta of the doubly degenerate vibration are excited is equal to the 
number of different ways in which Vj can be written as sum of two positive integers 
(where the orders of integers matters), that is it is Vj +1. This is indicated for eight 
lowest vibrational levels in fig. 1.2a. However, the high degeneracy exists only as 
long as strictly harmonic vibrations are assumed. The anharmonicity that is always 
present, produces a partial splitting of this degeneracy. 
Three of the to's in equation (19), say ©a, (Ob and ©c will be the same for triply 
degenerate vibrations. We can write 
G(v„V2,V3,~v, —)=(0,(v, + )^+a)2(v2 +^)+ -KO,(V, +^)+ (23) 
11 
e 
a 
'< I, 
7 ••'•" 0 
S SJ. ! - 6^ 
S' — a 
4^  IS 
3— ..10 4 4aA~ ,5 
3 t a — ,6 
2 2.0 , . 3 , _ 3 
J 1. ,2 
0 0 - ' .1 
O - ' ...1 
Fig. 1.2 Vibrational levels of (a) doubly degenerate, (b) a triply degenerate 
vibration and their degrees of degeneracy. 
12 
where a)k= ©a = cob = coc and Vk = Va + Vb + Vc 
The corresponding factors in the eigenfimction is similar to (22) except that 
there are now three terms in the exponential and three factors Hy. 
For Vie =0 there is only one eigenfunction that is, no symmetry. If the triply 
degenerate vibration is excited by one quantum (vk =1), there are three 
eigenfunctions (Va = 1 or Vb = 1 or Vc = I ) , that is the state is triply degenerate. If the 
triply degenerate vibration is excited by two quanta we may have Va =2, Vb = 0, Vc 
=0, or Va = 0, Vb = 2, Vc = 0 or Va = 1, Vb= 1, Vc = 1 or v, = 1, Vb= 0, Vc = 1 or Va = 0, 
Vb = 1, Vc = 1 that is we have a six fold degeneracy. In general, if the triply 
degenerate vibration is excited by Vk quanta, we may have a — (vk + 1) (vk+2) -fold 
degeneracy if the anharmonicity is neglected. The degree of degeneracy for the 
lower vibrational levels are indicated in Fig. 1.2b 
1.4 Symmetry of Normal Vibrations and Normal Eigenfunction- For a N-
atomic molecule, the secular equation from which the normal vibrations are obtained 
is of degree 3N. Even for small number of atoms(N) in the molecule, the secular 
equation is by no means easy to solve. However, if a molecule has symmetry, the 
normal vibrations and vibrational eigenfunctions will also have certain symmetry 
properties and in consequence considerable simplification is brought about in the 
determination of the normal vibrations. Consideration of symmetry were first 
applied to the vibrations of polyatomic molecules by Brester [1] in 1923. They are of 
greatest importance for the determination of the normal vibrations. 
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By the symmetry of a molecule, we mean that symmetry of the configuration 
of its nuclei or in other words of the nuclear frame. A molecule may have one or 
several symmetry elements, such as a plane of symmetry (cr), a center of symmetry 
(i), a p-fold axis of symmetry (Cp) and the identity I. This symmetry operation is to 
leave the molecule unchanged. The new configuration cannot be distinguished from 
the original one. Symmetry consideration enables the symmetry of molecules to 
classified in a small number of groups according to the number and nature of the 
symmetry elements. A possible combination of symmetry operations that leaves 
atleast one point imchanged is called a point group. Most of the molecules belong to 
one of the possible point groups of the following Ci, C2, Cs, Cav, Deh etc. 
The Point group C; 
This point groups Cs has only one symmetry elements i.e., a plane of 
symmetry (a). The normal vibrations and eigen functions may be symmetric (A') or 
anti-symmetric (A") with respect to this symmetry element. This is shown in the 
Table 1.1. 
Table 1.1. Symmetry types and characters species for the point group Cj. 
Cs 
A' 
A" 
I 
+1 
+1 
<y(x,y) 
+1 
-1 
Rotation and Translation 
Tx, T>. R-z 
Tz Rx» Ry 
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The Point group C 2Y 
If a molecule has one two-fold axis and two planes of symmetry passing 
through that axis and right angles to one another, it belongs to the point group C2v. 
These are designated by €2(7), CTV(X,Z) and arv(y,z). 
The designation of symmetry species of point group C2v and the behaviour of 
normal vibrations are given in the Table 1.2. 
Table 1.2 Symmetry types (species) for the point group C2v-
C2V 
A, 
A2 
B, 
B2 
1 
+1 
+1 
+1 
+1 
C2(z) 
+1 
+1 
-1 
-1 
av(x,z) 
+1 
-1 
+1 
-1 
av(y,z) 
+1 
-1 
-1 
+1 
Rotation and Translation 
Tz 
R, 
Tx, Ry 
Ty, Ry 
If a symmetry operation is carried out in a molecule that transforms the 
(non-vibrations) molecules into a configuration indistinguishable from the original 
one, also the potential energy and the force field will be the same as before the 
symmetry operation. 
Therefore, the secular equation and consequently the frequencies of the 
normal vibrations are the same for the transformed as for the non transformed 
system. However, in the vibrating molecule the transformed displacements are not 
necessarily the same as the non-tranformed ones. With respect to a given symmetry 
operation a normal vibration may remains unchanged, it may change, or it may 
change by more than that. 
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1.4.1. Effect of symmetry -onetrations on non-degenerate normal vibrations 
There is only one possible ratio for the displacement given none-degenerate 
normal vibration Vj, this ratio remains unchanged under a symmetry operation, since 
the frequency Vi substituted in the equation (1) is the same. Since the displacements 
are defined apart from constant factor only (which is defined by the normalization), 
a symmetry operation can at most bring about a simultaneous change of sign of all 
displacement coordinates belonging to a given non-degenerate vibration, that is a 
change of sign of the normal coordinate. The only other possibility is that it may 
leave them unchanged, Thus a non-degenerate vibration can only be symmetric or 
anti-symmetric with respect to any symmetry operation that is permitted by the 
symmetry of the molecule. 
Fig, 1.3a-f represent the normal vibrations of a planar XYZ2 molecule. When these 
vibrations are reflected at the plane of symmetry a^^xz), perpendicular to the plane 
of the molecule, the diagrams in Fig. 1.3 g-I are obtained. This reflection leads to 
identical pictures for vi, V2, V3 and vg \^^ereas the direction of the displacement 
vector of V4 and V5 has been inverted, that is the corresponding normal coordinates 
r\4 and TI5 have been changed into their negative -ri4 and -r^ s. These vibrations V4 
and vj are anti-symmetric with respect to the plane <jy(xz). It can be seen in similar 
way, that all vibrations but ve are symmetric with respect to the plane of the 
molecule, while vg is anti -symmetric, with respect a rotation about the two fold 
axis x-y, the vibrations V4, vs and V6 are anti-symmetric where as Vi, va and V3 are 
symmetric. 
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Fig. 13 Nonnal vibrations of XYZj molecule and their behaviour for a reflection 
at the plane of the symmetry through XY perpendicular to the plane of 
the molecule. 
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It follows from above, that a nucleus that has its equilibrium position on a 
plane of symmetry in a non-degenerate vibration can only move in the plane (if the 
vibration is symmetric to plane) or perpendicular to the plane (if it is anti-
symmetric). Similarly a nucleus that has its equilibrium position on an axis of 
symmetry can only move along this axis (if it is symmetric with respect to this axis) 
or perpendicular to it (if it is anti-symmefric). 
If the molecule has a p-fold axis of symmetry and p is odd, a non degenerate 
vibration can only be symmetric with respect to a rotation by 27r/p, about this axis, 
since, p-such rotations, that is rotation itself as it must. However, a anti-symmetric 
as well as symmetric with respect to an even -fold axis, since then after p-such 
rotations it will transform on into the original configuration. 
1.4.2 Effect of symmetry operations on the vibrational eigenfunctions 
Since tlie vibrational eigen function is a function of the normal coordinates, 
its behaviour with respect to symmetry operation depends on the behaviour of the 
normal coordinates with respect to them. 
If a non-degenerate vibration, say V|, is symmetric with respect to certain 
symmetry element [for example V|, V2, V3, V6 of XYZ2 in Fig. 1.3 with respect to the 
plane <Jv(x-z)], that is, if the corresponding normal coordinate T^i is symmetric, it 
follows that its contribution v|/,(r|,) to the vibrational eigenfunction is symmetric 
(remains unchanged) with respect to the particular symmetry operation for all values 
of V,. If a normal vibration, say Vk, is anti-symmetric with respect to a symmetry 
element [for example, the vibrations, V4 and vs of XYZ2 in Fig. 1.3 with respect to 
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the plane av(x-z)], that is if the corresponding normal coordinate r\i is anti-
symmetric, it follows that \\ik(j\k), since it is an odd (even) fUnction of rjk for odd 
(eve) Vie, changes sign is anti-symmetric for odd Vk but remains unchanged is 
symmetric for even Vk if the particular symmetry operation is carried out. This 
behaviour is represented in Fig. 1.4(a) and (b). 
According to equation (15), the total vibrational eignfunction \j/, is a product 
of harmonic oscillator eigenftmctions v|/i(rii), Vj;2(ri2), corresponding to the 3N-
6 or 3N-5 normal coordinates. Therefore, if there are only non-degenerate 
vibrations, the total eigenfimction \\i will be symmetric with respect to a given 
synmietry operation if there is an even number of component functions v|;k(T|k) that 
are anti-symmetric with respect to that same symmetry operation. The total 
eigenfimction \j/ will be anti-symmetric if there is an odd number of anti-symmetric 
component fimctions. Its behaviour with respect to the given symmetry operation is 
independent of the number of symmetric component fiinctions. In other works, 
since, for anti-symmetric rik, the ftmction M/k(Tik) is anti-synmietric for odd Vk, the 
total vibrational eigne function is symmetric with respect to a certain symmetry 
operation if the simi Evk extended over all normal vibrations that are anti-
symmetric with respect to that symmetry operation, is even, the total eigenfimction 
is anti-symmetric with respect to same symmetry operation the sum Zvk is odd. 
When a molecule has degenerate vibrations as well as non-degenerate 
vibrations, the same relations apply as for the preceding case if the degenerate 
vibrations Vj are not excited by more than the zero point vibration, that is, if all 
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have Vj = 0. This is because for Vj = 0, the contribution to the total vibrational eigen 
function is, according to equation (24). 
M-f. *<) 
t .M 
6 — 
S-
-« 
<-
-». 
-« 
2-
-* 1-
-« 0 -
-a 
-« 
Fig. 1.4 Symmetry of vibrational eigenfunctions of non-degenerate vibrations. 
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which remains unchanged for any symmetry operation just as does the potential 
energy. In such a case, therefore, and similarly for higher degeneracies, the total 
vibrational eigenfunction can only be symmetric or anti-symmetric with respect to 
any operation permitted by the molecule (including p-fold rotations). It is symmetric 
when Evk formed as above is even, anti-symmetric when it is odd. The symmetry 
properties of the eigenflinctions are much more general and do not depend on the 
assumption of the harmonic oscillations. The potential energy, even if it is not 
simply a quadratic function of the displacement coordinates, must be invariant to all 
symmetry operations permitted by the point group of the molecules. Therefore, the 
Schrodinger equation (13) is invariant to these symmetry operations if the state is 
non-degenerate while it can also transforms into a linear combination of mutually 
degenerate eigenfunctions for a degenerate state. 
1.5 Selection Rules 
The vibrational frequencies of a polyatomic molecule observed in infrared 
absorption or the frequency shifts of the Raman bands are governed by the selection 
rules. 
1.5.1. Infrared Vibrational Spectrum: The dipole moment of tlie molecule is 
represented in wave mechanics by the matrix formed from the integrals. 
J4^„^*MdT (24) 
where M is a vector with components Mx = ZejX,, My= Eciyi; Mz = Ze,z, (e, = 
charge of particle i having coordinates (Xj, yi, Zj), and % and Tm are the time 
dependent eigen functions of the system in two states n and m, that is 
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4'„=v|;„e ^"^ , ^ „ = v|/„e ^ " ^ and T„ =M/„e ^" ^ (25) 
The diagonal elements of the matrix, that is the integrals (24) when n = m, 
represent the permanent dipole moments in the states n( since the time dependence 
cancels out). The off-diagonal matrix element (n#m) correspond to the transitions 
from the state n to state m, since they have the time factor e ^ *• '^  . 
The transition probability is proportional to the square of the time 
independent factor of (24), that is , to the square of 
[ M f = Jv|/„v}/:MdT (26) 
We consider now the transition between two vibrational levels v' and v" of 
the molecule produced by dipole radiation. Here v' and v" stand for the sets of 
vibrational quantum numbers vi', V2', V3' and vi", V2", V3" of upper and 
lower state respectively. Strictly speaking we should substitute the total eigen 
function in (26). But to a usually fairly good approximation, this total eigen function 
\j/ = V|/eV|/vV|/r (27) 
and therefore, since for pure vibrational spectrum the electronic and rotational state 
remains unchanged. \\ic and ij/r simply give a constant factor in (26) so that we 
conclude that the vibrational transition probability is proportional to the square of 
[M]"" = Jv|/,.v|/;.MdT (28) 
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where \\iy- and ij/y* are the vibrational eigen functions of the upper and lower state 
respectively.rjyr]^*" is also called the transition moment of the transition v' <->v". 
Vibrational selection rules exist only when the molecule has elements of symmetry. 
In that case it is immediately clear that the integral (28) can be different from zero 
for a certain transition (that is, that this transition is an allowed one) only when at 
least one of the components of the integrand i|/y.\|/yM remains unchanged for any 
of the symmetry operations permitted by the symmetry of the molecule in its 
equilibrium position or in other words when at least one of the quantities. 
is totally symmetrical. This is the general selection rule for the infrared which is 
rigorous as long as the interaction with rotation and electronic motion is neglected. 
From the definition of (24) of the dipole moment M it its clear that it 
components Mx, My and Mz have the same behaviour with respect to the symmetry 
operations as the translation Tx, Ty, Tz in the direction of the coordinates axis, that is 
they belong to one of the species of the point group of the molecules. 
The above selection rule may also be stated as: A vibrational transition 
v'<-»v" is allowed only when there is atleast one component of the dipole moment 
M that has the same species as the product v|/y.vj/^ .. The equivalence of this rule and 
the previous one is immediately obvious for the point groups with non-degenerate 
species only, since the product of two functions can be symmetric with respect to a 
symmetry operation only if both factors are symmetric or both anti-symmetric with 
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respect to this symmetry operation. However, the above formulation of the general 
selection rule holds also for point groups with degenerate species. 
1.5.2. Vibrational Raman Spectrum, 
The intensity of scattered light depends on the induced dipole moment P 
which is similar to (24), represented by the matrix fonned fix)m the integrals 
]T„p-^.„dT (29) 
where P is a vector whose components are 
P v ^ ttxx E x + ttxy E y + a x 7 E z 
P y = ttyx E x f a „ E y + a y z E z ( 3 0 ) 
P z = OLZX Ex- t a z y E y + ttzz E j 
Here x, y, z are the axis of the coordinate sj'stem fixed in the molecule and 
since, we are assuming no rotation, fixed in space. The axx. Uxj, are constants 
independent of the direction of Eand P. They are called the components of the 
polarizabilit>' tensor a. 
The time independent part of (29) is 
[ P ° f =Jv|/„P<'V„dT (31) 
where P° is the amplitude of P. The intensity of a Raman transition n<->m is 
proportional to the square of [P"]""'. Substituting P from (30) we obtain for the 
components of [P"]""". 
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[ P ; r = E:|a^vK„v,/> + E»Ja^v,/„y> + E:ja^M'„v|/> (32) 
Here E°,E°,E° are the components of the amplitude of the incident light wave 
and the integrals. 
[axx]""'=/cc„v|/.v|/;;,dT. [a^]""=Ja^vi/„M/;;,dT, (33) 
are the matrix elements of the six components of polarizability tensor. The diagonal 
matrix elements (n = m) of a or P° corresponding to Rayleigh scattering, the off-
diagonal elements to Raman scattering, that is, to transition n<->m induced by the 
incident light. According to (32) a Raman transition n<->-m is allowed if at least one 
of the six quantities 
["xxj""' f^ xy] » isdiflferent from zero. 
For the vibrational Raman spectrum, we have again to substitute for \\i„ and v|/m the 
vibrational eigen function V|/v' and i|/v" of the upper and lower states. We can then 
say that a Raman transition between two vibrational levels v' and v" is allowed if at 
least on of the six products 
axxVvVv-.axyVvVv. (34) 
is totally symmetrical that it, remains unchanged for all symmetry operations 
permitted by the symmetry of the molecule. 
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1.5.3 The Rule of Mutual Exclusion 
For molecules with a center of symmetry, transitions that are allowed in the 
infrared are forbidden in the Raman spectrum, and conversely transitions that are 
allowed in the Raman spectrum are forbidden in the infrared spectrum. In the 
infi-ared, only transitions, between states of opposite symmetry with respect to a 
center of symmetry i can takes place (g <->u). In the Raman effect only between 
states of the same symmetry with respect to i (g <-^ g), (u<->u). All infrared transitions 
(all components of M) vj/v- \\iv- must be anti-symmetric (u) (with respect to i, while 
for all Raman transitions (all components of a) vj/v-vi/v" must by symmetric (g). Ail 
components of M change for a reflection at i, wliereas the component of 
polarizability, which behave as the product of two components of M, remains 
unchanged. 
It should be realized that the above rule of mutual exclusion does not imply 
that all transitions that are forbidden in the Raman spectrum occur in the infrared. 
Some transitions may be forbidden in both. 
1.6 Vibrational Spectra of Benzene. 
A number of workers (2-6) have considered the normal modes of vibrations 
of benzene. Wilson [3] has made complete theoretical study of the normal modes of 
vibrations of the benzene molecule. Probably the most complete assignment of 
infrared and Raman frequencies to vibrations of benzene has been given by Ingold 
and co-workers in a series of paper (4). They also investigated the spectra of 
deuterated benzenes and were able to obtain the vibrational frequencies for all the 
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vibrational modes of benzene. Miller and Crawford [5] have made a through normal 
coordinate treatment of the non-planar vibrations and made frequency assignments 
on the basis of the calculations. The first complete vibrational modes calculated by 
coordinates transformation methods were reported by Whiffen [6]. The infrared 
spectrum of benzene vapour has been investigated by some workers [7-12]. 
Benzene molecule belongs to point group Den- The character table of D(,h 
point group is given in the Table 1.3. In this table the + and - signs under the 
columns for symmetry operations indicates that whether electronic or vibrational 
eigen functions remains uncharged or change sign on the application of the 
concerned symmetry operation. In the first column, the vibration type or species 
designated according to the symmetry operation which they represent as follows: 
A symmetric with respect to the principal axis of symmetry 
B Anti-symmetric with respect to the principal axis of symmetry 
E doubly degenerate vibrations 
Subscripts 
g and u syrmnetric or anti-symmetric with respect to centre of symmetry. 
1 and 2 symmetric or anti-symmetric with respect to a rotation axis Cp or 
rotation-reflection axis Sp other than the principal axis or in those point groups with 
only one symmetry axis with respect to a plane of symmetry. 
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In the tliird column are given the non-genuine vibrations, translation in the x, 
y, z direction (Tx, Ty, Tz) and rotations about the x, y, z axis (Rx , Ry, Rz) that 
belongs to the particular symmetry species. 
According to the character Table 1.3, their are twelve different species in 
point group Deh- In case of benzene there are thirty normal modes of vibrations. The 
numbers of vibrations of each species are 
2aig, la2g, la2u, 2biu, 2b2g, 2b2u, leig, 3e2u, 4e2g, 2e2u 
Since benzene has a center of symmetry those vibrations which are allowed 
in Raman spectrum will be forbidden in the infrared spectrum. Seven vibrations of 
aig, eig and e2g species are Raman active where as four vibrations of aau and eiu 
species are infrared active. Out of the thirty normal modes of benzene ten are doubly 
degenerate and ten are non -degenerate. These thirty normal modes may be 
classified as follows: 
C-C stretching 6, C-C in-plane bending 3, C-C out-of-plane bending 3, C-H 
stretching 6, C-H in-plane-bending 6, C-H out-of-plane bending 6. These normal 
modes along with their frequencies and symmetry types are listed in Table 1.4 and 
depicted in Fig 1.5. 
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Table 1.4 Normal vibrations of benzene. 
Wilsons 
Number 
20 
2 
13 
7 
3 
9 
15 
18 
5 
17 
10 
11 
8 
19 
14 
1 
12 
6 
4 
16 
Species 
eiu 
ais 
biu 
628 
328 
e2g 
b2u 
eiu 
b2g 
e2u 
eig 
a2u 
628 
eiu 
b2u 
aiB 
biu 
62e 
b2e 
62u 
Frequency 
(cm-') 
3080 
3062 
3060 
3047 
1340 
1178 
1152 
1037 
995 
975 
850 
673 
1596 
1485 
1310 
992 
1010 
606 
703 
405 
Activity 
I 
R(P) 
* 
R(dp) 
* 
R(dp) 
* 
I 
* 
>|c 
R(dp) 
I 
R(dp) 
I 
* 
R(P) 
* 
R(dp) 
* 
* 
Description 
C-H stretching 
C-H stretching 
C-H stretching 
C-H stretching 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b 
C-C stretching 
C-C stretching 
C-C stretching 
C-C stretching 
C-C i.p.b 
C-C i.p.b 
C-C o.p.b 
C-C o.p.b 
I = infrared active, R = Raman active; dp = depolarized , P= Polarized, * inactive 
both in Raman and infrared experiments, i.p.b.= in-plane-bending, o.p.b. = out-of-
plane bending. 
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Fig. 1.5 Normal modes of vibration of benzene and their frequencies. 
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1.7 VibrationaL Spectra of Substituted Benzenes 
Mono-substituted benzenes are obtained by replacing one hydrogen atom of 
the benzene ring by an atom or atomic group. The change in the symmetry, of the 
molecule can be explained in two ways. In first case, if an atom or atomic group is 
considered as a big atom then the molecule may belong to Cjv point group. In the 
second case, if there is no any approximation of a big atom or atomic group then the 
molecule may belong to Cs point group. 
In the case of substituted benzenes the symmetry of the molecule are lowered 
due to the substitutions. Most of the derivatives of the benzene can be placed under 
symmetiy groups Dsh, C2v, Cj and Ci. TTie lower symmetry of the substituted benzenes 
makes assignments of their vibrations more complex than for benzene. The 
assignments previously made for benzene can serve as a useful guide for the 
assignments to the vibrations of the substituted benzenes. Pitzer and Scott [13] have 
made assignments of toluene and some other methyl-substituted benzene by analogy 
with the spectrum of benzene rather than by a complex vibrational analysis. Piyler 
[14] has studied the spectra of twelve substituted benzenes in the 15-40 micron region, 
and has made assignments based largly on those of Pitzer and Scott. Similarly 
Dpaigne-Delay and Lecomte [15] have studied the spectra of a series of substituted 
benzenes from 5 to 8 microns, and have made tentative assignments based on 
symmetry considerations. Bell, Thompson and Vago [16] and Cole and Thompson 
[17] have applied a simplified potential function to the calculation of some of the out-
of-plane vibrations of benzene and its mono-di-, and tri-substituted derivatives, and 
found satisfactory agreement between calculated and observed frequencies. The 
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infrared spectra of twentynine mono-substituted benzenes in the region (j^l-TXl cm' 
have been discussed by Whinnie and Poller [18]. Katritzky and Lagowski [19] 
recorded the infrared absorption spectra of eighty five mono-substituted benzenes. 
They have assigned the absorption frequencies due to the phenyl group in 1600-800 
cm"' region and have discussed the variations of the positions and the intensities of the 
characteristic bands with the nature of substituents. Bogomolov [20] has calculated the 
characteristic vibrations of mono-substituted benzenes on the basis of calculation of 
the frequeiKies, vibration forms, and atomic displacements of toluene during its 
vibrations. Probably the most complete discussion of the assignement of the 
characteristic vibrations of mono-substituted benzene is to be found in articles by 
Handle and Whiffen [21] and Whiffen [22]. 
Raman and infrared spectra of di-substituted benzenes have been extensively 
studied by many workers [23-29]. In di-substituted benzenes two hydrogen atoms of 
benzene ring are replaced by two another atoms or atomic groups. The two 
substituents affect independently the vibrational spectra of disubstituted benzenes. 
Katritzky and co-workers [23] have studied the infrared absorption spectra of a 
niunber of para-, meta-, and ortho-disubstituted benzenes in the 1600-800 cm'' and 
have discussed the variations of the position and the intensities of the characteristic 
bands with the nature of substituents. Bogomolov [30] has classified the characteristic 
vibrations of ortho-disubstituted benzenes on the basis of calculation of the 
frequencies, vibration forms and atomic displacements of -o- xyline during its 
vibrations. Analysis of vibrational spectra of a number of symmetrically and 
asymmetrically tri-substituted benzenes [31-48] and tetra substituted have also been 
made [49-57]. The molecule 2,4,6-Trichlorphenol is a tetra substituted benzene and is 
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assumed to belong the Cs point group. The OH group was taken to coplanar with the 
phenyl ring and hence the 33 normal modes are distributed between the two species of 
the Cs point group as 23 a' +IOa". The strong frequencies observed at 3527 (IR) and 
3545 cm"' (R) was assigned to OH stretching vibration. Tripathi [54] has assigned the 
bands in region 1170-1180 cm'' and 302 to OH in-plane and out-of-plane vibrations 
respectively in 2,3,4-and 2,3,6- trichlorophenol. 
1.8 Laser Raman Spectra of Benzene and Substituted Benzenes 
Raman spectroscopy is an important tool for determining the structure of the 
molecules, since vibrational spectra are also observed in the Raman spectra of 
molecules where most of the vibrations are obtained with the help of difference in the 
wave lengths between incident radiation and stokes or anti-stokes lines. Raman 
Spectra of benzene and substituted benzenes, reported earlier were recorded with old 
conventional method utilizing a low pressure mercury discharge lamp. This source 
emits a number of intense lines of which 4358 and 4561 A° wavelengths in particular 
were utilized for recording the Raman spectra. The major problem with the early 
discharge sources were line and continuum between the intense discharge lines. 
Now a days Raman spectroscopy of molecules has been totally revived with 
the help of laser sources. We get Raman spectrum with high intensity and background 
continuum is absent due to the high intensity and high monochromaticity associated 
with the laser source. The time taken recording the Raman spectrum becomes very 
small due to high intense laser source as well as the dissociation of the molecule is 
also avoided due to small amount of exposure time in recording the Raman spectrum. 
Therefore, with the help of laser Raman spectroscopy it has become possible to 
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calculate the depolarization ratios of the Raman bands more accurately and confirm 
the symmetry of various vibrational modes. Leite and Porto [58-59] were the first to 
record the Raman spectrum of benzene using laser source. Later in 1964 Leite, Moore 
and Porto [60,] utilized the directional and polarization properties of the laser source 
to record the depolarized Raman spectra enabling them to calculate the depolarization 
ratios of the Raman bands in the spectra of carbon disulphide, benzene, toluene and 
other molecules. Laser is now extensively used in recording the Raman spectra of 
substituted benzenes. This has helped considerably is determining the symmetry and 
ascertaining the structure of the molecule. 
Barnes et al [61] recorded and studied the far infiared spectrum of benzene 
under high resolution in the region 40-155 micron . They expected a band near 160 
cm'' to appear in the spectrum of benzene has a low symmetry. They interpreted the 
five observed bands as difference bands. Their observations gave strong in the plane 
symmetrical hexagonal model for benzene. Stanevich and Yaroalavskii [62] have 
studied the transmission of organic solvents in the far infiiared region. They observed 
that a 0.5 mm thickness of liquid benzene exhibited two absorption bands at 398 cm"' 
and 300 cm''. They suggested that first and strongest of these bands corresponds to the 
vibration eiu (404) observed the Raman spectrum of liquid benzene. The weak band at 
300 cm'' was interpreted as one of the difference vibration of benzene active only in 
the infiared. Later on Wyas et. al [63] recorded far infiared spectrum of twelve 
organic liquids including benzene. Two of the five bands in the far infiared spectrum 
of benzene were interpreted as fundamental and two as difference bands of the two 
fundamentals. 
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In most of substituted benzenes out-of-plane ring -substituted bending 
vibrations usually appear in the far infrared region. Torsional mode of C-C, C-N and 
C-0 bond and the hydrogen bond stretching and bending vibrations of the associated 
species of phenols, alcohols and carboxylic acid, cause absorption below 200 cm'', 
Green et. al [64] have recorded the far infrared spectra of ten substituted benzene 
derivatives and identified the hydrogen bond stretching vibrations in m-cresol, phenol 
and C-CHO torsional vibration in benzaldehyde. Stanevich [65] has investigated the 
far infrared spectra of carboxylic acids and phenols and identified the hydrogen bond 
fundamentals. Torstional modes in benzaldehyde have been reported by many 
coworker [66-69]. Delorme [66] and Owen and Hester [70] have identified the 
torsional modes of methoxy group in anisoles. 
1.9 The Electronic Absorption Spectra of benzene and its Derivatives. 
H. Sponer in a series of papers [71-77] have analysed the electronic spectrum 
of benzene and its derivatives. Sponer [70] has investigated the electronic spectra of 
benzene, monochlorobenzene, monofluorobenzen, o-,m, and p-dichlorobenzene. 
Sponer et. al [75] have found the spectrum of fluorobenzene and its main features 
similar to that of chlorobenzene but shows two interesting deviations in contrast to 
CeHsCl the carbon hydrogen frequency j^pears strongly in CeHsF, Furthermore bands 
resulting from a vibrational moment appear rather weakly while they are quite strong 
in QHsCl. TTierefore, the first discrepancy is probable coimected with the fact that C-
F fi^quency is numerically close to carbon vibrations so that it will have contributions 
from motion of the other carbon atoms and has been intensified. The second results 
has explained at least partly, from the stronger intensity of the allowed bands in the 
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CeHsF than CeHsCl, so that the forbidden bands appear relatively weaker intensity in 
C6H5F rather than in CgHsCI. 
The spectrum of disubstituted benzenes i.e. dichlorobenzene has been 
investigated by [76]. The spectra of meta - C6H4CI2 and ortho - C6H4CI2 resemble 
each other more closely than p-spectnun does either of the two. Both molecules have 
the same symmetry the only difference lies in the different orientation of the two fold 
axes. Sponer [78] has investigated the electronic absorption spectra of light and heavy 
benzenes. A.L. Sklar has woriced extensively on electronic spectra of benzene and its 
derivatives in a series of papers [79-84]. Friedal [85] reported the complete analysis of 
benzene and also observed three electronic bands at 1800 A°, 2030 A° and 2560 A°. 
In the case of iodobenzene [86] these bands were appeared at 2070A°, 2260 A°, 2560 
A°. 
In view of the strong correlationship between the spectra and molecular 
structure, the methods of electronic and vibrational spectroscopy have been widely 
used for the study of molecular structure of organic compound. The molecules 
selected for the present work are 2,3,5-Tri-iodobenzoic acid, 3p-Tosyl Cholest-5-
ene,3p-hydroxy-5p-methyl-19-nor.stigmast 9(10)-en-6a-ol, m- and p-
Hydroxyacetophenones. 
On the basis of data obtained from molecular spectroscopy particularly 
vibrational spectroscopy, one could deduce the values of thermodynamic quantities 
i.e. the enthalpy, specific heat capacity, the Gibbs free energy and entropy with a great 
precision for all the molecules reported in this thesis. Such calculations provide the 
unique method to obtain these quantities. 
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CHAPTER 2 
EXPERIMENTAL TECHNIQUES 
2.1 Introduction 
The infrared (IR) and Raman Spectroscopic techniques together constitute the 
vibrational spectroscopic methods for molecular structure determination. While IR 
spectroscopy involves the absorption of infrared radiation having energy equal to the 
vibrational energy levels of the molecules under investigation, Raman Spectroscopy is 
based on the inelastic (Raman) scattering of radiation by the molecules. The different 
selection rules for the processes make these techniques mutually complementary and 
together they provide the complete vibrational structure of the molecule. In recent 
years, Fourier Transform Spectroscopic techniques enjoys the advantages of the 
conventional infrared and Raman Spectroscopy due to the very intensive 
developments of FT-IR and FT-Raman spectroscopy and have attracted much interest 
by offering some unique feature like versatility, high sensitivity and selectivity, large 
dynamic range, good temporal resolution and field applicability. Therefore, Fourier 
Transform method increases the signal to noise ratio and reduces the measurement 
time. In Raman spectroscopy, usually a laser sources in the visible spectral region 
(Argon or Krypton laser) is used as the excitation source. However, in the FT-Raman 
technique in the FT-Raman technique one uses an NIR (Nd: YAG laser, 1064 nm] 
source. A study of electronic spectra in the visible and UV regions have been an 
invaluable tool for understanding the molecular structures of organic polyatomic 
compounds. In the electronic spectra of the polyatomic molecules, excited state 
vibrations can be confirmed with the help of ground state vibrations observed in the 
infrared and Raman spectra of the same molecule. 
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2.2. Theory of FT-Raman Spectrometer 
Raman spectroscopy has been carried out successfully using dispersive 
instruments since the 1930s. In the last few years the advent of near infrared Fourier 
transform Raman (FT-Raman) Spectroscopy has revolutionized Raman Spectroscopy 
[1,2]. The major reason is straightforward, using near-IR excitation for many samples 
there is little or no laser induced fluorescence and this has opened many new areas to 
study, some of which have been described in [3-6]. 
It is the purpose of this chapter to show how a Raman spectrum is obtained 
using a FT-Raman spectrometer and in the process to illustrate some of the 
similarities and differences of dispersive and interferometric Raman spectroscopy. In 
general schematic diagram of Raman spectrometer is shown in Fig. 2.1 
Botii a dispersive Raman Spectrometer and a FT-Raman spectrometer consist 
of four major components (1) a laser; (2) optics to bring the laser to the sample, 
collect the scattered light and focus onto (3) either the entrance slit of the mono 
chromator or the Jacquinot slop of an interferometer and (4) a detector. Two major 
differences are immediately apparent, firstly, the interferometer does not contain any 
slits or dispersive elements, thus there is a large signal reaching the detector, this is 
known as the throughput advantage. Secondly, in dispersive instruments that use a 
single detector such a photomultiplier tube (PMT), each spectral element is measured 
sequentially, whereas in the interferometer every spectral element is measured 
simultaneously. So if the time taken to scan the spectrum, T with the dispersive 
instrument, the interferometer has recorded every spectral element for a time T. This 
may result in a significantly higher signal to noise ratio for the same measurement 
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time and is known as tlie multiplex advantage (in tlie case of dispersive instruments 
that use what are the essentially multiple detector, such as diode arrays or charge 
coupled devices, the improvement in S/N ratio would not be as great. However, these 
types of detectors are either unavailable or in efficient at 1064 nm). Interferometers 
always display the through put advantage, whether the multiplex advantage is realized 
depends upon the nature of the dominant noise source in the spectrum, it is present if 
the noise is independent of the intensity of the signal (detector noise limited). With 
currently available detectors this is the case in the near IR region of the spectrum and 
provides a justification for FT-Raman spectroscopy. However, the practical reason 
that it is experimentally very straight forward often produces a more powerful motive. 
Measuring the spectrum The light that inters the FT-Raman Spectrometer is used to 
obtain a spectrum i.e element (3) in Fig (2.1). It will be assumed that a continuous 
wave (cw) laser is employed and that the dominant source of noise in the spectrum 
originates with the detector. 
Obtaining the interferogram The heart of an FT-Raman spectrometer is an 
interferometer and at present, all commercial systems are based on a Michelson 
Interferometer. In its simplest form, as shown in Fig (2.2). 
It consists of a beam splitter, two mirrors M\ and M2, and a means of altering 
the distance between one of the mirrors, Mi and the beam splitter. To understand how 
the interferometer works, consider a beam of light incident on the beam splitter. 
Assuming a perfect beam splitter, half of the light is transmitted to mirror Mi and half 
is reflected to mirror M2. After reflection at Mi and M2 the two rays are recombined 
at the beam splitter again half the light is transmitted and half is reflected. The net 
44 
effect is that half of the Hght is returned to the source and hence lost, and half reaches 
the detector. Thus, the theoretical maximum efficiency of an interferometer is 50%. In 
practice, no beam splitter is perfect and losses occur every time the light is transmitted 
or reflected in addition to the reflection losses at the mirrors. All of these factors 
conspire to reduce the efficiency below 50%. 
The maximum intensity at the detector will occur when the distance from the 
beam splitter to Mi & M2 is the same, because the returning rays are in phase and add 
constructively. For simplicity, assume that the beam of light consists of a single wave 
length X cm. (and hence wavenumber v=l/X) with intensity lo. If M| is moved a 
distance 7J4 then the ray of light that is reflected from Mi travels an extra distance ^74 
in each direction. Hence, on arrival back at the beam splitter, the ray has traveled an 
additional X/2. Thus the rays from M| and M2 are 180° out of phase. They recombine 
destructively and no light reaches the detector. This will be true for all values of nAy4 
(n odd). At all other distances the two rays are not completely out of phase and a 
signal will be observed at the detector. To see how the signal varies with the 
displacement of Mi, let the incident wave be Aexp[(i(wt-27ixv)], where A is the 
wave amplitude, i = V-1 and (wt - 27ixv) is the phase angle. Let the transmittance 
and reflectance of the beam splitter be t and r respectively. Then the net amplitude 
emerging from the interferometer in the direction of the detector is 
Anct = Art {exp [(i(wt-27cx, v)] + exp [(i(wt-27iX2 v)] } (1) 
Where xi and X2 are the roundtrip distances to M| and M2 respectively. The 
energy reaching the detector is 
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Fig. 2.1 A schematic diagram of a Raman spectrometer. 
Source 
Fixed mirror M2 
/ 
Beamsplitter ^ 
X, 
Moving mirror M1 
Detector 
Fig. 2.2 An idealized diagram of a Michelson interferomete. 
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1(6) = lAnetf = 2A^ Irtp {1 + cos 27tv(x, -X2)} (2) 
Now (X1-X2) is the phase difference 5 (or the retardation) i.e twice the distance moved 
by the mirror, |rtp is the beam splitter efficiently e and A^ is the incident intensity lo 
thus (2) become 
I(5) = 26lo{l+cos{27r5v} (3) 
At the detector this would be registered as a constant (d.c.) component [the fist 
term of equation (3) and a modulated (a.c.) component [the second term of the 
equation (3). Only the later contains useful spectroscopic information and is known as 
the interferrogram. For the case of monochromatic source, it is possible to obtain the 
spectroscopic information (lo and v) by single inspection of the interferrogram, since 
lo is the amplitude of the cosine wave and v is the reciprocal of its wavelengths (cm). 
For a molecule of modest size such as 1,4-bis (2-methylstyl) benzene, the 
interferrogram is shown in Fig 2.3 and we see it is very complex.. In the general case 
where the source is a continuum each frequency contributes a term of the type in 
equation (2) hence the total intensity of interest as the detector is given by 
l(6)=Jc(v)cos(27i5v)dv (4) 
with C( V) is defined as 
C(v) = 0 . 5 R ( v ) I ( v ) (5) 
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3000 2500 2000 1500 1000 500 
' Wavenumbers (cm-1) 
Fig. 2.3 FT-Raman Spectrum.of l,4,-bis(2-methys tryl)benzene (lower) and its 
interferrogram(upper). 
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R(v) is the frequency dependent response of the interferometer. This is a 
composite of a number of factors, but is primarily determined by the beam splitter, the 
detector and the electronics I(v) is the intensity at each frequency at each frequency 
V hence C( v ) is the observed spectrum. The C( v) is obtained from I (6) by Fourier 
Transform. Equation (3) is an example of the general type 
OS 
F(x)=JC(v)cos(27rvx)dv (6) 
« 
F(x) is defined as the Cosin Fourier transform of G( v) , similarly 
00 
G(V)=jF(x)cos(27iv8)dx (7) 
«o 
and F(x) and G(v) are said to form A cosine Fourier Transform pair. The 
properties of the Fourier transforms are discussed in greater detailed in Refs [7,8]. 
Comparison of equations (3) and (6) shows that 1(6) and C( v ) also form a cosine FT-
pair, hence 
C ( ^ = |l(5)cos(27i6v)dv (8) 
this means that spectral distribution C( v ) (the spectrum) can be obtained from 
a.c. signal at the detector by a cosine FT. 
Equation (8) is animportant result because it forms the basis of interferometric 
spectroscopy. Every point in the interferrogram 1(6) contains information about every 
frequency in the spectrum. This is the origin of the multiplex advantage, of FT-
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spectroscopy (also known as the Fellget advantage after Raul Fellget who first 
described its [9]. The net effect of the Fourier Transform is to obtain a wavelength-
dispersed spectrum without having no physically disperse the light. The absence of 
slits or gratings leads to the throughput advantage (or Jacquinot) advantage [10] of 
interferometers over dispersive instruments. Together the two factors give a major 
improvement in signal to noise ratio (per unit time) over that obtainable from 
dispersive instrument under equivalent conditions i.e. the same laser power at the 
sample, detector, measurement time, resolution and a scattered light collection 
efficiency. 
2.3. Description of Laser Raman Spectrometer 
The ray diagram for recording the Raman spectrum of the compounds is 
shown in Fig. 2.4. 
Radiation Source In order to record the Raman spectra we have used Ar^  laser 
source. The most important laser transition are the blue color at 4880 A° and a green 
color line at 514 A°. These lines are the result of transitions ^Dsn ->^ P3/2 and 
''Dsya-^ ^Ps/a. We have used 4880 A° line as a exciting line. When the laser beam 
incident on a plane mirror Mi, it is reflected and this reflected light is incident on the 
mirror Mi and again reflected, after reflecting from mirror M3 the light incident on 
the sample cell in which sample is kept. From the sample which is in the cell this light 
is scattered and this scattered light goes to monochromator through an entrance slit. 
We have recorded Raman spectra below 4880 A° as well as above it i.e. Stokes as 
well as anti-Stokes Laser Raman Spectra. 
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Fig.2.4 Experimental set up for laser 
Raman spectrometer 
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COMPUTER 
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Monochromator:- In the present experiment, triple grating mono-chromator is used 
and shown in the Fig. 2.5. The monochromator is used to disperse the radiation 
according to the wave length. The essential elements of the monochromator are an 
entrance slit, a dispersing element and an exit slit. 
The entrance slit sharply defines the incoming beam of scattered light. The 
dispersing element disperses the radiation into its components where as exit slit 
allows wave length with a band of wave length on either side of it. In our experiment 
the dispersing element is triple grating monochromator. When scattered radiation 
incident on 1^ ' grating the scattered radiation is dispersed and this dispersed light 
again incident on the second and third grating. In this way the dispersive power as 
well as resolving power is increased. 
Detector: In our experiment PMT is used as detector. A PMT is a combination of 
photo diode and an electron multiplying amplifier. A PMT consists of an evacuated 
tube which contains one photo cathode and 9-16 electrodes known as dynodes. When 
the radiation falls on a metal surface of the photocathode, it emits electrons. The 
electrons are attracted towards the first dynode which is kept at +ve voltage. When the 
electrons strike the first dynodes more electrons are emitted by the surface of dynode. 
These emitted electrons are then attracted by a second dynode where similar type of 
electron emission takes place, the processes repeated over all dynodes present in the 
PMT until electrons reaches the collector, the no. of electrons reaching the collector is 
a measure of the intensity of light failing on the detector, the recording has been done 
with the help of computer. 
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Entrance Slit 
Swing Away Mirror for Exit 
Port Selection 
Externally Controlled 
Triple Grat ing 
^Turret(Standard) 
End Port 
for Array 
Detector or 
Exit Slit 
^Side Exit Slit 
Fig. 2.5 Layout of Triple grating monochromator. 
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2.4 FTIR - Spectrophotometer 
The FTIR spectrophotometer consists of four compartments. The 
interferometer compartment, the sample compartment, the detector compartment and 
electronic compartment. 
This spectrometer is approximately 430 mm wide, 330 mm deep and 290 mm 
high. The weight of the spectrometer is 20 kg. In this spectrometer the power 
consumption is about 40 W. 
The Interferometer Compartment 
The interferometer compartment is 1.5 mm wide and is situated on the left side 
of the spectrometer. The radiation from the source is collected by a 90° off-axis 
parabola and direct in to the interferometer this unique patented interferometer splits 
the radiation beam, modulates the intensity of all frequencies and then the combines 
the beams. The beam splitter inside the spectrometer separates the radiation beam in 
to two beams of nearly equal intensity. One of the beam is reflected from the beam 
splitter to a block of mirrors and then back to the beam splitter. The other beam is 
transmitted through the beam splitter to a moving mirror, then to a block of mirrors 
and back to the beam splitter, where the beam recombines. 
In the Figure 2.6 FTIR Interferometer compartment we have shown 1,2,3, 
up to 11. These numbers are indicated as below 1-He-Ne Laser, 2-Adjustable laser 
mirror 3-Desiccant 4-off axix paraboloid 5-scanning interferometer, 6-Purge cover. 7-
IR source, 8-Block of mirrors, 9-Beam splitter, 10-Laser fringe detector, 11-Alinment 
screws. 
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Fig. 2.6 FTIR interferometer compartment. 
The Sample Compartment 
The sample compartment is 200 nmi wide, 290 mm deep and 255 mm high. 
The entrance and exit beam to the sample compartment is sealed with a coated KBr 
window. The optical axis of the beam is 63.5 mm above the base plate, 165 mm above 
the bottom, 103 mm from the back wall of the compartment and 90 mm below the 
cover. The beam is focused to a 10 mm spot, 100 mm from both sides walls of the 
sample chamber. The removal base plate may be used for placing special sample cells 
into the beam. After passing through the sample the radiation is refocused with an off-
axis ellipsoid mirror onto the detector. The sample compartment is equipped with a 
sample holder accepts slidemounted samples. In order to insert a sample simply slide 
the sample into the sample holder. The same instruction is valid for installing all 
slide-mounted sampling accessories. Figure 2.7 for the sample compartment. 
Detector Compartment A Detector compartment is situated on the right hand side of 
the instrument. It contains an off-axis ellipsoidal mirror and a radiation detector. The 
detector compartment can be purged using dry nitrogen by way of a purge coimector 
at the rear of the spectrometer. In the other words the detector compartment can be 
claimed using dry nitrogen by of a cleaner connector at the back part of tiie 
spectrometer. 
The detectors supplied with the Interspec 2020 spectrometers are room 
temperature pyroelectric deuterated triglycine sulfate (DTGS)) as standard with 
optional LN2 cooled meftury cadmium telluride (MCT). The MCT detector used with 
IR instrument has been designed to maintain the compact features of the Interspec 
series FTIR spectrometer. Figure 2.8 for a back view of spectrometer. 
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Radiation Source 
The radiation sources situated on the left hand side of the spectrometer. The IR 
source is a high intensity long life device made from a special alloy wire to achieve 
excellent instrument sensitivity and stability. Neither cooling water not purge gasses 
are required for this unique low power higher source. The sources is housed so as to 
achieve a very high operating temperature with minimum power. The color 
temperature of the source is about 1200 °C and the heating power is about 15 W. 
Electronic Compartment Tlie electronics compartment is situated on the right side of 
the spectrometer immediately under the detector compartment. The compartment 
contains two imits-the data acquisition and control system (DANC), and the power 
supply. The power supply is covered with a perforated metal shield to avoid any 
possibility, the operator touching electronic compartment as well as to suppress 
radibfrequency interferences. The power suj^ly boards contmns all fuses, a linear 
power supply for analogue components of the data acquisition for the linear mortor 
and for the radiation source. Figure 2.9 for Interferometer PLS mortor schematics. 
2.5 UV -Visible Double Beam Spectrophotometer. 
The various components of UV-visible spectrophotometer are radiation source, 
monochromator, detectors, recording system, sample cells and power supply. We will 
describe the various components of UV-visible spectrophotometer one by one. 
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Radiation Source In ultraviolet spectrometers the most commonly used radiation 
sources are hydrogen or deuterium lamps, the xenone discharge lamps and mercury 
arcs. In all sources, the excitation is done by passing electrons through a gas and these 
collisions between electrons and gas molecules may result in electronic, vibrational 
and rotational excitation in the gas molecules. When the pressure of the gas is low, 
only line spectra are emitted. But if the pressure of gas is high, band spectra and 
continuous spectra will be observed. 
(i) Hydrogen discharge lamp In these lamps, hydrogen gas is stored under relatively 
high pressure. When an electric discharge is passed through the lamp, excited 
hydrogen molecules will be produced wiiich emit UV radiations. The high pressure in 
the hydrogen lamps causes the hydrogen to emit a continuum rather than a simple 
hydrogen spectrum. Hydrogen lamps cover the range 3500 -1200 A°. These lamps are 
stable, robust and widely used. 
(ii) Deuterium lamps If deuterium is used in place of hydrogen, the intensity of 
radiation emitted is 3 to 5 times the intensity of a hydrogen lamp of comparable 
designs and wattage. Since deuterium lamp is more expensive than hydrogen lamp, 
But, it is used when high intensity is required. 
(iii) Xenon discharge lamps In these lamps, xenon gas is stored under pressure in the 
range of 10-30 atmospheres. This lamp possesses two tungsten electrodes separated 
by about 8 mm. When an intense arc is formed between two tungsten electrodes by 
applying a low voltage, the ultraviolet light is produced. The intensity of ultraviolet 
radiation produced by xenone discharge lamp is much greater than that of hydrogen 
lamp. 
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(iv) Mercury lamp - In this, the mercury vapour is under high pressure, and the 
excitation of mercury atoms is done by electric discharge. The mercury are, a standard 
source for much ultraviolet continuous spectral studies because of the presence of 
sharp lines or bands. 
Monochromator The monochromator is used to disperse the radiation according to 
the wave length. The essential elements of monochromator are an entrance slit, a 
dispersing element, an exit slit. The entrance slit sharply defines the incoming beam 
of radiation. The dispersing element disperses the radiation into its component wave 
lengths, whereas exit slit allows the nominal wave length together with a band of 
wave lengths on either side of it. The dispersing element may be a prism or grating. 
The prisms are generally made of glass, quartz or fused silica. Glass has the highest 
resolving power but it is not transparent to radiations having the wave length between 
2000 and 3000 A° because glass absorbs strongly in this region. Quartz and fused 
silica prisms v^ch are transparent throughout the entire UV range are widely used in 
UV spectroscophotometer. 
Fused silica prisms are little more transparent in the short wave length region 
than quartz prisms and are used only when very intense radiation is required. 
Detectors - ITiere are three common type of detectors are widely used in UV 
spectrophotometer. These are Barrier layer cell, Photocell and Photomultiplier tube. 
A PMT is generally used as a detector in UV spectrophotometers. A PMT is a 
combination of a photodiode and an electron multiplying emplifler. A photomultiplier 
tube consists of an evacuated tube which contains one phtocathode and 9-16 
electrodes known as dynodes. The surface of each dynode is of Be-Cu, Cs-Sb or 
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similar materials. When the radiation falls on a metal surface of the photocathode, it 
emits electrons. The electrons are attracted towards the first dynode which is kept at a 
+ve voltage when the electrons strike the first dynode, more electrons are emitted by 
the surface of dynode, these emitted electrons are then attracted by a second dynode 
where similar type of electron emission takes place. The process is repeated over all 
the dynodes present in the PMT until a shower of electrons reaches the collector. The 
number of electrons reaching the collector is a measure of the intensity of light falling 
on the detector. The dynodes are operated at an optimum voltage that gives a steady 
signal. The PM tube is extremely sensitive as well as extremely fast in response. The 
transit time between absorption of the photon and the arrival of the shower of 
electrons is typically in the range of 10-100 ^ s. For energy quantum of light, 
approximately 10^  electrons are produced. 
Recording System. The signal fix)m the PM tube is finally received by the recording 
system. The recording is done by the Computer system. This type of arrangement is 
only done in recording UV spectrophotometer. 
Sample Cells The cells that are to contain samples for analysis should fulfill three 
main conditions. They must be uniform in construction, the thickness must be 
constant and surfaces facing the incident light must be optically flat. The material of 
the construction should be inert to solvents. They must transmit light of the wave 
length used. 
The most commonly used cells are made of quartz or fused silica. These are 
readily avoidable even in matched pairs where sample cell is almost identical to the 
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reference cell. The figure of sample compartment of UV-visible double beam 
spectrophotometer cell is shown in the Fig. 2.10. 
LENS DETECTORS 
Fig. 2.10 Sample compartment of UV-visible double beam spectrophotometer. 
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CHAPTER 3 
LASER RAMAN, FTIR AND ELECTRONIC ABSORPTION 
SPECTRA OF 2,3,5-TRI-IODOBENZOIC ACID. 
3.1 Introduction 
A number of investigations on Benzoic acid indicate that a knowledge of the 
equilibrium conformation, crystal structure, dynamics and molecular potential field 
of this molecule is of particular interest. Being a member of the large group of 
monosubstituted benzene derivatives and at the same time belonging to the family of 
carboxylic acids forming dimers, benzoic acid could be considered as a parent 
molecule for the family of aromatic carboxylic acids. The derivatives of benzoic 
acid are widely used in several applications such as miticides, contrast media in 
urology, cholocystographic examinations and in the macufacture of pharmaceuticals. 
It also finds application in dyes, in curing tabacco in preserving fiiiit juice, in many 
esters as a mordant in cloth printing and as a reference standard in volumetric 
analysis. Vibrational spectra of carboxylic acids become quite interesting and have 
received considerable attention [1-7] inspite of their complexity. Flett [1] has been 
investigated in 1955, the vibrational spectra of sixty carboxylic acids with widely 
varying structures between 700 to 4000 cm"'. Hazi and Sheppard [2] have 
investigated the infixired spectra of a number of carboxylic acids in the region 
500-1500 cm'' with a view to identify the various modes of vibration of carboxylic 
group perhaps the most complete spectral analysis of Benzoic acid has been reported 
by Green [7] in 1977, who has identified all the vibrations associated with the 
carboxylic group in benzoic acid and some thirteen o-m & p -substituted benzoic 
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acids. Jackobsen and Brower [8] in a spectral investigation of some-para-substituted 
phenols have reported partial assignments of p-hydroxybenzoic acid. The low 
frequency spectra of carboxylic acids have been studied by Stanevich [9, 10], 
Jackobsen et. al [11], and Colombo and Furic [12]. Rastogi et. al [13] have reported 
the vibrational study of 3,5-dinitrobenzoic acid. Ansari & Verma [14] have 
investigated the spectral studied of Benzoic acid, phthalic acid and salicyclic acid. 
Mohan and Ami Das [15] have reported the vibrational study of p-chlorobenzoic 
acid. 
Carboxylic acids usually exist predominantly as the hydrogen bonded dimers 
with very strong bridges between the carbonyl and the hydrogen group of the two 
molecules [16,17]. lodo substituted benzene derivatives have been the subject of 
spectroscopic investigation in the infrared region. lodo - anilines [o- m & p 
OMnpounds) have been studies by Rashid Aqueel et. al[18]. A short note on 
vibrational spectra of 2,3,5-Tri-iodobenzoic acid has been reported by R.K. Goel et. 
al [19]. But they have given only limited assignment. No detailed vibrational 
analysis has been described. 
The electronic spectra of Benzene, lodo benzene and Benzoic acid have been 
studied by many workers [20-23]. Friedel [20] in 1951 has reported the complete 
analysis of electronic spectrum of Benzene. Sponer [21] has recorded the spectra of 
various fluoro and trifluoro methyl substituted benzenes. Beringer [22] shows that 
iodobenzene has three electronic bands. Doub et. al [23] have investigated the 
electronic spectrum of 2-hydroxy benzoic acid. The present investigation we have 
recorded FT-Laser Raman, Stokes and anti-stokes laser Raman spectra, FTIR 
spectra in (solid phase) and in liquid phase and detailed vibrational analysis have 
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been proposed. The electronic spectrum of the same compound has also been 
recorded in solvent 1.4. Dioxane (CH2.CH2O.CH2CH2O). 
3.2 Experimental Details 
3.2.1 FT-Laser Raman Spectra of 2.3.5-Tri-iodo benzoic acid. 
The compound 2,3,5-Tri-iodobenzoic acid is a white crystalline solid. It was 
procured fix)m Spectrochem. Pvt. Ltd., Mumbai and was used a such. FT-Laser 
Raman spectrum of this molecule was recorded using Bruker IPS 66V FT-Raman 
Spectrometer at LLT. Madras. The spectrum was recorded twice once in the region 
250-3500 cm and once in the region 100-2000 cm"'. For recording the spectra Nd. 
YAG Laser at waves length 1064 nm was used. YAG (Yttrium-aluminium-gasnet, 
Y3 AI5O12) is a crystal in which Nd"*^^ ions can be used as impurities. These Nd^ "' ions 
are responsible for the lasing action. The traces of these FT- Laser Raman spectra 
are produced in the Figs 3.1 & 3.2. 
The stokes as well as anti-stokes laser Raman spectra of the compoimd have 
also been recorded on spectra-Pro-500 laser Raman Spectrohotometer using 488 nm 
radiation fix)m an Argon ion laser operating at 4 W. These were recorded and 
M.N. Saha Spectroscopy laboratory of Allahabad University, Physics Department 
Allahabad. These spectra have been shown in the Fig. 3.3. and 3.4. In these spectra 
positions of stokes and anti-stokes lines have been shown in the wave length (A°) in 
order to get the frequencies of these lines, the wave lengths of these positions have 
been converted in to the corresponding wave numbers and these have been 
subtracted from the wave number of these exciting line. Therefore, in the Table 3.2., 
the frequencies of stokes and anti stokes line have been shown in cm''. 
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3.2.2 FTIR Spectra of 2.3.5-Tri-iodo benzoic acid. 
FTIR spectrum of the above compound was recorded in the region 400-4000 
cm"' in solid phase as well as in the liquid phase on Perkin-Elmer FTIR 
Spectrophotometer. These were recorded at University Science Instrumentation 
Centre (USIC) Delhi University, Delhi. These spectra are depicted in the Fig. 3.5 
and 3.6. 
3.2.3. Electronic Absorption spectrum of 2.3.5.-Tri-iodo benzoic acid. 
The electronic absorption spectrum of the compound was recorded in the 
ultra violets region 2000-4000A°. It was recorded on the computerized Cintra-5-
Visible Double beam Spectrometer, GBC scientific equipment Pvt. Ltd. Australia. It 
was obtained from Chemistry Department A.M.U., Aligarh. This spectrum is shown 
in Fig. 3.7. 
3.3. Results and discussion 
Twenty eight Raman shifts are observed in the FT-Laser Raman spectrum of 
2,3,5-TIBA. In the FT-IR solid phase spectrum of the same molecule, eighteen 
bands are observed in the region 400-4000 cm"'. Thirty one Raman shifts are 
observed in Stokes and seventeen in anti-Stokes Raman spectrum. Only fifteen 
bands have been observed in the FTIR liquid phase. Some of these bands are broad 
and sharp and some strong and weak. All the observed IR and Raman frequencies 
along with their visual estimates of intensities and dieir vibrational assignment are 
listed in the Tables 3.1-3.3. 
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Table 3.1 Observed vibrational frequencies in FT-laser Raman and FT-IR spectrum 
of 2,3,5-Tri-iodobenzoic acid. 
Raman frequencies 
(cm-^) 
62.5 m 
83.3 m 
164.7 vvs 
187.4 m 
252.2 vs 
285.5 m 
335.5 w 
368.8 w 
445.5 m 
549.9 w 
681.7 m 
728.7 vs 
766.6 w 
843.2 m 
883.2 w 
949 w 
1007.1 s 
1016.2 w 
1032.3 w 
1099.9 w 
1246.3 m 
1329 w 
Infrared 
frequencies 
454.14 s 
507.40 s 
592.13 s 
676 vs 
686.80 vs 
721.30 s 
777.25 s 
836 s 
870 m 
899 s 
1001 vs 
1015 m 
1106 s 
1196.57 w 
1223 s 
1275 vw 
1359.7 s 
1375 vw 
Symmetry 
species 
a" 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
Proposed Assignments 
o.p.b.h.b. 
i.p.b.h.b. 
C-I o.p.b 
C-COOH o.p.b. 
C-I i.p.b. 
C-I i.p.b. 
C-COOH i.p.b. 
C-OH i.p.b. 
C-I stretching 
C-I stretching 
C-I stretching 
C-C o.p.b. 
C-C o.p.b. 
C=0 o.p.b. 
O-CO i.p.b. 
C-H o.p.b 
C-H o.p.b. 
2x454 
O-H o.p.b. 
C-C ring breath, vib. 
C-H i.p.b. 
C-H i.p.b. 
C-C i.p.b. 
C-COOH stretching 
C-0 stretching 
C-C i.p.b. 
C-C stretching 
C-C stretching 
Contd.. 
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Contd....(Table 3.1) 
1445 w 
1527 s 
1551m 
1643 s 
2933 m 
3075 s 
1397VW 
1407 s 
1518w 
1542.26 s 
1568 w 
1711 ws 
1785 w 
1807w 
1955 w 
2114w 
2341 w 
2360 m 
2546 m 
2637 w 
2705 vw 
2932 w 
3022 w 
3062.52 m 
3285 m 
3454 mbr 
a' 
a' 
a' 
a' 
a' 
a' 
A" 
A' 
A' 
A' 
A" 
A' 
A' 
A* 
A' 
A' 
a' 
a' 
A* 
a' 
C-C stretching 
0-H i.p.b. 
C-C stretching 
C-C stretching 
C-C stretching 
C=0 stretching 
(1001 + 777) 
(1223+592) 
(1359+592) 
(1106+1015) 
(1568+777) 
(1359+1001) 
(1542+1001) 
(1359+1275) 
(1711+1001) 
(1518+1407) 
C-H stretching 
C-H stretching 
(1711+1568) 
0-H stretching 
i.p.b.= in-plane-bending, o.p.b. = out«of-plane bending, h.b.= hydrogen bonding 
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Table 3.2 Observed fundamental vibrational frequencies in Stokes and anti-Stokes 
Laser Raman spectrum of 2,3,5-Tri-iodobenzoic acid. 
Stokes laser 
Raman 
166$ 
330 s 
451 w 
531m 
610 m 
689 m 
806 m 
922 m 
998 w 
n i l s 
1186 s 
1297 s 
1407 vs 
1551s 
1799 m 
3038 m 
3099 s 
3396 m 
anti-Stokes 
laser Raman 
694 ws 
784 m 
921m 
1013 w 
1199 s 
1341 w 
1452 w 
1485 s 
1680 m 
3373 vs 
i.p.b.= in-plane-bending, o.p.b. = out-
Symmetry 
species 
a" 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a' 
a* 
a' 
a' 
a* 
a' 
a" 
a' 
a' 
A" 
a' 
a' 
a' 
•of-plane bending 
Proposed Assignments 
C-I o.p.b. 
C-COOH i.p.b. 
C-I stretching 
C-I stretching 
C-I stretching 
C-C o.p.b. 
C=0 o.p.b. 
C-H o.p.b. 
0-H o.p.b. 
C-C ring breathing vib. 
C-H i.p.b. 
C-C i.p.b. 
C-COOH stretching 
C-C i.p.b. 
C-C stretching 
0-H i.p.b. 
C-C stretching 
C-C stretching 
C=0 stretching 
(1001 +777) 
C-H stretching 
C-H stretching 
0-H stretching 
-^' 
•>! ''r-<^/76> V 
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Table 3.3 Observed frequency shift in 2,3,5-tri-iodobenzoic acid 1.4-Dioxane. 
FTIR frequencies 
(cm') 
3454 mbr 
1711 w s 
1568 w 
1542.26 s 
1518 w 
1407 s 
1397 vw 
1223 s 
1196.57 w 
1015 m 
899 m 
836 m 
721.30 s 
676 vs 
507.40 s 
FRTIR frequencies 
in solvent (cm'*) 
3414.2 sbr 
1716.0 w s 
1559.0 w 
1536.2 w 
1512.1 w 
1428 w 
1384.2 m 
1213.6 sbr 
1138 vs 
1077.3 vs 
881.4 w 
833 m 
750 w 
668 s 
524.4 w 
Frequency 
(cm-^ ) 
39.8 
5.0 
7.0 
6.06 
6.1 
21.0 
12.8 
9.4 
58.0 
62.3 
18.6 
3.0 
28.7 
8.0 
17 
shift Mode 
0-H stretching 
C=0 stretching 
C-C stretching 
C-C stretching 
C-C stretching 
0-H i.p.b. 
C-C stretching 
C-C stretching 
C-COOH 
stretching 
C-H i.p.b. 
C-OH def o.o.p 
C-H o.p.b. 
C=0 o.p.b 
C-Co.p.b. 
C-I stretching 
i.p.b.= in-plane-bending, o.p.b. = out-of-plane bending 
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Table 3.4 Assignment of observed electronic bands and their vibrational structure 
of 2,3,5-Tri-iodo benzoic acid. 
Position 
the bands 
A** 
2030 
2080 ( ' B ) 
2110 
2220 
2280 
2320 
2360 
2400 
2440 
2500 ('La) 
2520 
2530 
2580 
2660 
2750 
2780 
2810 
2870 
3030('Lb) 
3060 
3090 
3210 
of Position 
in the bands 
-1 
cm 
49245 
48061 
47378 
45031 
43846 
43090 
42359 
41653 
40971 
39987 
39670 
39513 
38748 
37582 
36352 
35960 
35576 
34832 
32993 
32670 
32362 
31143 
of Absorbance 
in 
0.20 
0.32 
0.3263 
0.1405 
0.1375 
0.16 
0.1405 
0.12 
0.1498 
0.1617 
0.16 
0.12 
0.16 
0.12 
0.1536 
0.1536 
0.16 
0.20 
2.1549 
1.9567 
1.92 
1.432 
Separation 
from 
corresponding 
bands 
0+1184(v,) 
(»B) 
0+7391 
0+5044 
0+3859 
0+3103(v2) 
0+2372 
0+1666(v3) 
0+984(v4) 
CU) 
0+6677 
0+6520 
0+5755 
0+4589 
0+ 3359(V5) 
0+2967 
0+2583 
0+1839 
('U) 
0-323 (Vfi) 
0-631(v7) 
0-1850 
Assignments 
C-COOH stretching 
Aig -> Eiu 
0+(2v5 +V7) 
O+8V7 
0+(3vi +V6) 
0+2vi 
C=0 stretching 
C-C ring breath vib. 
Aig-> Biu 
0+4v3 
0+2V2 +V6 
0+(v5 +2v,) 
0+(v5 +v,) • 
0-H stretching 
C-H stretching 
0+(2v,-V4) 
0+(v, +V7) 
'A,g->'B2u 
C-COOH i.p.b. 
C-I stretching 
0-(v, +V7) 
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Table 3.5. Correlation of the Infrared, Raman suid Ultraviolet absorption frequencies 
of 2,3,5-Tri-iodobenzoic acid. 
FT-
Raman 
335 
681 
1007 
1184 
1643 
3075 
FTIR 
(solid 
phase) 
676 
1001 
1196 
1711 
3062 
3450 
FTIR 
(Liquid 
phase) 
668 
998 
1138 
1716 
3414 
Stokes 
L.R. 
330 
610 
1186 
3028 
3396 
Anti-
Stokes 
L.R. 
694 
1199 
1680 
3373 
U.V. 
323 
631 
984 
1184 
1666 
3103 
3359 
Assignments 
C-COOH i.p.b. 
C-I stretching 
C-C ring breath vib. 
C-COOH stretching 
C=0 stretching 
0-H stretching 
The three electronic bands have been observed corresponding to the 
electronic transitions ('A->'La), ( ' A - ^ ' U ) and ( 'A -> 'B) in the electronic spectrum 
of the same molecule. Due to the higher resolution of the Spectrometer other bands 
have also been obtained alongwith the electronic bands. The table 3.4 summarizes 
the observed electronic bands and their vibrational structures. 
The molecule 2,3,5-Tri-iodobenzoic acid is a tri-substituted benzoic acid or it 
is.a tetra-substituted benzene in which four of the hydrogen atoms in 1,2,3,5 
positions of the rings are replaced by COOH group and iodine atoms. If the group 
COOH is considered to be equivalent to a point mass, the molecule under 
investigation will have the lowest symmetry Cs. Only two types of vibrational states 
are possible: the once which are symmetrical (a') and others which are anti-
symmetrical (a") with respect to the plane containing all the atoms. In Cs symmetry 
the 39 normal modes of vibrations are divided into 27 a' (planar) and 12 a" (non-
planar) modes in 2,3,5-Tri-iodobenzoic acid as follows. 
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Phenyl ring vibrations 21 a' + 9 a" = 30 
Carboxylic group vibrations 6a' + 3a" = 9 
Total 27a' + 12a" = 39 
In the electronic absorption spectrum of 2,3,5-Tri-iodo benzoic acid three electronic 
bands have been observed corresponding to the electronic transitions A|g ->• Eau, 
'Aig ->'BIU and 'Aig ->'B2U. These bands are situated at 2080 A°, 2500 A° and 3030 
A° respectively. Friedel [20] has reported the complete analysis of electronic 
spectrum of benzene and have also observed three electronic bands at 1800 A°, 2030 
A° and 2560 A°. In case of lodo benzene [22] these bands were appeared at 2070 
A°, 2260 A° and 2560A°. In the present investigation all three bands have 
vibrational structure due to higher resolution of the spectrophotometer. These 
remaining bands have been identified as the vibrational structure of the 
corresponding electronic bands. Vibrational structure involves the excited state 
vibrations of the molecule for different electronic transitions. Some of the prominent 
excited state vibrations have been identified taking the help of ground state 
vibrations observed in the FTIR and Laser Raman Spectrum of the same molecule. 
Table 3.5 gives the correlation of the infirared, Raman and ultraviolet absorption 
fi-equencies of 2,3,5-Tri-iodo benzoic acid. Table 3.3 describes the observed 
frequency shifts due to solvent effect. Since the vibrational spectrum of a molecule 
is affected by environmental factors, as a result the changes in the shape, frequency 
and intensity of the bands are observed. The shift in 0-H stretching vibration may be 
due to hydrogen bonding with 2,3,5-tri-iodobenzoic acid. Shift in C=0 stretching 
vibration is due to the strong interaction of the parent molecule with the 1,4 dioxane. 
In other vibrations as well as the molecular interaction with the parent compound is 
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more pronounced. Solvent shifts is obtained in most of the stretching vibrations and 
out of plane vibrations. C-I stretching vibration of 507 cm'' has been increased to 
524 cm"'. This shift in the C-I stretching vibration is due to heavy mass of iodine 
atom being influenced by 1,4 dioxane solvent. 
Phenyl Ring Vibrations 
3.3.1. C-H stretching frequencies. 
The aromatic structure shows the presence of the C-H stretching vibrations in 
the region 3000-3100 cm"', which permits ready identification for this structure, la. 
this region the bands are not appreciably affected by the nature of the substituents. 
The six C-H stretching frequencies in benzene are derived from the eiu (3080), aig 
(3062), biu (3060) and t2$ (3047 cm'') modes of benzene. Modes eiu and e2g are 
doubly degenerate and each gives rise to two distinct frequencies on substitution as 
the ring due to the reduction of symmetry. In tetra-substituted benzenes, two of the 
modes remains as C-H stretching while four of these modes becomes ring 
substituents stretching vibrations. In the present case, the frequencies 3060 cm' and 
3022 cm'' are assigned for C-H stretching modes in the 2,3,5-TIBA in FTIR 
spectrum. These bands are observed at 3038 cm"' and 3099 cm'' in the laser Raman 
spectrum. In FT-Laser Raman spectrum of the same molecule only one C-H 
stretching frequency could be resolved at 3075 cm''. These assigrunents are in good 
agreement with [24,25,48-51, 59]. 
3.3.2 C-H in-plane-bending vibrations. 
The C-H in plane bending frequencies in benzene are derived from a2g 
(1340), e2g(ll78), bau (1150) and e,u(1037 cm'') modes of benzene. In tetra 
substituted benzenes, four of the above modes become ring-substituent frequency. In 
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the present investigation the two C-H in-plane bending frequency at 1016 and 1032 
cm"' are observed in the FT-Laser Raman spectrum of 2,3,5- Tri-iodo Benzoic acid. 
In the FT-IR spectrum of the same molecule only one band at 1015 cm'' could be 
observed. These assignments are in good agreement with [26,27,48-53, 60]. 
3.3.3 C-H out -of- plane bending vibrations 
There are six C-H out-of-plane bending vibrations in the benzene arise from 
the b2g(985), e2u (975), eig(840) and a2u (671) modes of benzene. These vibrations 
have observed at 843 and 883 cm'' in FT-Laser Raman spectrum. These two modes 
have been correlated with 836 and 870 cm"' infrared frequencies of the molecule 
under investigation. In Stokes Laser Raman spectrum of the same molecule only 
one band could be resolved at 806 cm"'. These assignments are in good agreements 
with those of earlier workers [28-30,50-55,61] 
3.3.4 C-C vibrations: The presence of aromatic ring structure in organic compoimds 
is detected easily by a series of vibrations bands appearing in the region 1350-1600 
cm"'. These are due to C=C stretching modes and in single ring compounds six 
frequencies are observed. Five of tiiese have magnitudes lying in the region 1350-
1600 cm"' while the sixth has a much lower magnitude. This lower frequency is 
usually attributed to the ring breathing vibration. In the present investigation 
frequency observed at 1007 and infrared frequency at 1001 cm"' have been assigned 
to ring breathing vibration. In the Stokes laser Raman spectrum of the same 
molecule, this vibration is found at 998 cm"'. This corresponds to 992 cm"' (aig) 
vibration of benzene. This is observed at 984 cm"' in electronic spectrum of the same 
molecule. These are in good agreement with the assignments proposed for isomeric 
halobenzaldehydes [16, 38-40, 56,57, 62-66]. The four characteristic stretching 
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modes of C-C in the benzene are, namely e2g (1585), eiu (1485), b2i, (1370) and aig 
(991 cm''). The infrared frequencies 1518, 1542 and 1568 cm' are assigned 
corresponding to C-C stretching modes. The above bands have been found at 1527, 
1551 cm"' in FT-Laser Raman spectrum of the same molecule. The C-C ring 
deformation frequencies in substituted benzenes are derived from cig (606), bag 
(703) and e2u (405) modes of benzene. Modes eig (606) and e2u(405) are doubly 
degenerate while mode b2g (703) is non degenerate. The fi^uencies observed at 
1099, 1106, 1275 cm"', have been assigned to C-C deformation in-plane and 
frequencies at 592,676 and 686 cm'' in the FTIR spectrum are assigned to C-C out-
of-plane bending vibration. Raman frequency 681 cm'' has been correlated with 
infrared frequency 868 cm'' in the same molecule. 
3.3.5. C-COOH vibrations 
Usually the bands around 1185, 330 and 209 cm"' are assigned to C-COOH 
stretch, C-COOH in-plane- bending and to C-COOH out-of-plane bending 
respectively. In para-chlorobenzoic acid S. Mohan [31] have found these vibrations 
at 1186, 332 and 215 cm'' respectively. Shabbir Ahmad et al [32] in di-nitrobenzoic 
acid above vibrations have been found at 1185, 330 and 209 cm"'. In the light of 
above findings, we are assigned C-COOH stretching at 1186 cm'' observed in 
Stokes laser Raman spectrum and in anti-Stokes spectrum it is observed at 1199 
cm'. In FTIR spectrum of the same molecule it is found at 1196 cm''. The C-COOH 
in-plane and out-of-plane bending vibrations are assigned at 330 and 187 cm'' 
respectively. The band in the electronic spectrum of the same molecule having 
separations of 1184 cm"' has been taken to represent the excited state value 
corresponding to the C-COOH stretching mode and C-COOH in-plane bending 
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vibration has been appeared at 323 cm''. This is ground state vibration. The above 
vibrations are also in good agreement wdth values given in [57]. 
3.3.6 C-I vibrations. 
Work on simple molecules {33] indicates that he stretching of the C-I band 
occurs near 500 cm"'. It has already been reported that in the infrared spectrum of 
p-chloroiodobenzene and iodobenzene [34] and m-diiodo benzene [35] that C-I 
stretching vibration lies near 500 cm''. In 1982 Rashid Aqueel [36] has investigated 
this frequency at 430,445 and 480 cm*' in o-, m- and p- iodo anilines. In the present 
investigations C-I stretching frequencies have been observed with strong intensities 
at 454, 507 and 592 cm*'in FT-IR spectrum of 2,3,5-TIBA. In the Stokes laser 
Raman spectrum of the same molecule, these vibration have been made at 451, 531 
and 610 cm'*. Only two Raman frequency has been resolved in FT-laser Raman 
spectrum at 445 and 459 cm"'. Ahmad [37] has identified these vibrations at 465 
cm"', in o- and m- iodonitrobenzenes and at 460 cm'' in p-iodonitrobenzene, Raman 
frequencies observed at 252 and 285 cm'' have been assigned to C-I in-plane 
bending vibrations in the same molecule. This assignment finds support from the 
woric of Lai [38] who has assigned this vibration at 248 cm"' in m-iodo 
benzaldehyde and at 232 in p-iodo ben2aldehyde. C-I out-of-plane vibration has 
been located at 164 cm''and at 166 cm"' in FT-laser Raman and Stokes laser Raman 
spectrum of the molecule respectively. These bands was observed at 167 and 166 
cm'' by Lai [38] in m- and p- iodobenzaldehyde. The same vibrations have also been 
assigned at 171 and 175 cm"' in m- and p-iodonitrobenzene respectively by Ahmad 
[37]. In the electronic spectrum of the same molecule C-I stretching has been found 
at 631 cm"'. 
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3.4 Group vibrations. 
Group vibrations are determined in terms of the motions that the nuclei in a 
structural group in the molecule undergo during the vibrations and they appear in 
fairly constant region in the spectrum. The number of vibrations as well as the 
position of the bands are determined by the symmetry of the molecule, the masses of 
the atoms making up the molecule and the force constant of the bands between the 
atoms. 
3.4.1.0-H stretching vibration. 
In associated species of phenols the OH stretching vibration causes very 
intwise and broad absorption near 3300 cm''. Li the present investigation this 
vibration can be readily identified with the strong and broad infrared band observed 
at 3454 cm'' in the FTIR spectrum of the molecule. In Stokes and anti-Stokes laser 
Raman spectrum this vibration is found at 3396 and 3373 cm'' respectively of the 
same molecule. This is in good agreement with the works of previous workers [41, 
42]. Mathew et. al [42] has assigned the above vibration at 3400 cm"'. The excited 
state vibration observed in the electronic spectrum of the same molecule has been 
appeared at 3359 cm''. This vibration is in good agreement with literature value 
given in [51-53]. 
3.4.2 O-H in-plane bending and C-0 stretching vibrations. 
The O-H in-plane bending vibration and the C-0 stretching in carboxylic 
acids are closely coupled and spread over in the two spectral regions 1440-1395 cm"' 
and 1315-1280 cm"'. Hadzi and Sheppard [2] have identified these vibrations in 
Benzoic acid with infrared frequencies 1420 cm"' and 1287 cm"'. Green [7] has 
assi^ed this vibrations to the 1425 and 1292 cm"' infrared fi-equencies of benzoic 
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acid. The same author has in number of substituted benzoic acids reported these 
modes in the range 1435 -1410 cm'' and 1306-1272 cm''. These vibrations, in the 
present investigations are ascribed to the infiared frequencies 1467 and 1223 cm''. 
In the FT laser Raman spectrum these have been obtained at 1445 and 1246 cm' of 
the same molecule. In Stokes and anti-Stokes laser Raman spectrum the 0-H in-
plane bending vibration has been appeared at 1407 and 1452 cm"' respectively. 
These are also in good agreement with [41,42,51-53]. 
3.4.3.0-H out-of-plane bending vibration. 
In carboxylic acids the 0-H out-of-plane deformation mode is reported to 
occur in the region 960-875 cm'' [2]. In benzoic acid [2] and substituted benzoic 
acid [7], this vibration is assigned in the vicinity of 930 cm''. This mode of 
vibration, in the present investigation is assigned to 949 cm'' band in the FT-Raman 
spectrum of 2,3,5,-Tri-iodobenzoic acid. In stokes and anti-stokes laser Raman 
spectrum, this mode is assigned at 922 and 921 cm'' respectively. This finds support 
from [41.42, 51-53]. 
3.4.4. C=0 stretching vifaation. ITie carboxyl sbetching vibration of carboxylic acid 
is characterized by the strong absorption. In benzoic acid [2] and substituted benzoic 
acids [7], it is reported in narrow region around 1690 cm''. In the present study the 
C=0 stretching vibration is ascribed to very intense and broad infrared band at 1711 
cm'' in FT-IR spectrum of 2,3,5-TIBA. In the FT-Raman spectrum of the same 
molecule this vibration is observed at 1643 cm''. Tlie band observed at 1680 cm"' in 
anti-stokes laser Raman spectrum is assigned to this mode. This mode is thoroughly 
studied by various workers [41- 47, 51, 53, 55, 58]. In the electronic spectrum of the 
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same molecule, the above mode has been observed at 1666 cm'\ This is excited 
state vibration. 
3.4.5. C=0 out-of-plane bending vibration. 
The out-of-plane bending vibration in Benzoic acid C=0 is assigned at 709 
cm"' [7]. In the FT-Raman spectrum of the molecule under present investigation this 
vibration is assi^ed at 728 cm"'. In the FTIR spectrum of the same molecule, this 
mode of vibration is observed at 721 cm*'. 
3.4.6 Hydrogen bond fundamental. 
Colombo and Furic [12] have assigned the 122, 96 and 45 cm'' band in the 
low frequency Raman spectrum of Benzoic acid to the stretching, in-plane-bending 
and out-of-plane bending vibrations respectively of the hydrogen bond. In the 
present study the last of the two modes of vibrations are ascribed at 83 and 62 cm'' 
frequency in the FT-laser Raman spectrum of the 2,3,5-Tri-iodobenzoic acid. In 3,5 
-dinitrobenzoic acid by Ahmad [37] have assigned the in-plane and out-of-plane 
hydrogen bond at 88 and 52 cm"'. 
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CHAPTER 4 
Laser Raman, FTIR and Electronic absorption spectra of 3p-Tosyl 
Cholest-5-ene 
4.1 Introduction: 
The steroids fonn a group of structurally related compounds which are 
widely distributed in animals and plants. Steroids, include sterols, amino acids, bile 
acids, sex hormones, vitamin D, corticoids, sapogenins and alkaloids. These 
compounds have been found to be highly biological activity. New steroids have been 
made in the laboratory with the modification in-their structure and increased 
activity. The growth in steroids researches resulted in an overall development in 
reaction mechanism, stereochemistry and conformational analysis. These are also 
useful in spectroscopy and physiological studies. Steroids compounds are used as 
contraceptives, tumor inhibitor, antiinflammatory agent, cardiac stimulant, plant 
growth stimulant and in treatment of skin disorder. These are important compounds 
to prepare the drugs for several ailments in the body. Hie steroids and their 
derivatives have been the subject of spectroscopic studies in infiared region due to 
the detailed investigations of R.N Jones and his co-workers. The earlier work on the 
inftared absorption spectra of steroids has been studied by Jones and Dobriner [1], 
Cole [2,3], Rosenkrantz [4], Jones and Herling [5], Page [6], Jones and Standrofy 
[7]. Anatlas containing infrared spectra of large number of steroids has been studied 
by Dobriner, Katzenellenbogen and Jones [8,9]. Recently, Yogesh Kumar Agarwal 
and P. K. Verma [10] have reported the infrared spectra of C6- Spiro steroidal 
tetrazene and its Chloro, Bromo, lodo, and Acetate derivatives. Infrared spectra of 
Cholestane 3-one and Cholestane-7-one have been investigated by R. N. Jones [11]. 
The Raman spectra of steroids were not reported in the literature earlier. Therefore, 
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it was thought desirable to record the Laser Raman spectra of steroids to give the 
detailed vibrational analysis. This chapter deals with FT-Laser Raman, Stokes as 
well as anti- Stokes Laser Raman and Electronic Absorption spectra of steroid, 
namely, Tosyl Cholesterol along with the FTIR spectrum. 
Fig. 4.1 The molecular structure formula of Tosyl Cholesterol 
CsHp 
H3C 
H3C 
TsO 
Where structure of Ts (Tosyl) group is shown below 
O 
The observed vibrational bands have been analyzed in terms of fundamentals, 
combinations and difference vibrational frequencies and probable modes have been 
assigned. 
4.2 Experimental Details: 
The above steroid has been prepared in Steroidal Research Laboratory, 
Department of Chemistry, Aligarh Muslim University, Aligarh. The molecular 
structural formulae of Tosyl Cholesterol has been shown in the Fig. (4.1). It was in 
solid form at room temperature and was used as such for recording the FT-infrared 
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and the Laser Raman spectra. The Stokes as well as anti- Stokes Laser Raman 
spectra were recorded in the region 150-4000 cm"' on a Spectra-Pro-500 Laser 
Raman Spectrophotometer equipped with a 0.5 meter triple grating monochromator 
and computer datamate. These were recorded in the solution of chloroform. Sample 
was placed in a quartz cell and to excite this the 488nm line of an Argon ion Laser 
was used. The Laser power on the sample was 4W. The Raman frequencies are 
accurate with in the ±1 cm"' and the resolution of the Spectrometer under the present 
experimental condition was of the order of 2 cm"'. These were recorded in M. N. 
Shaha Spectroscopy Laboratory of Allahabad University, Physics Department 
Allahabad. The traces of these spectra have been shown in the Figs (4.2-4.3). The 
FTIR spectra of compound was recorded in solid phase using KBr pellets technique 
as well as in the liquid phase using methanol as a solvent in the regions 400-4000 
cm"' on Pericin Elmer FTIR Spectrophotometer equipped with computer datamate. 
The resolution of the FTIR Spectrophotometer was 4.0 cm"'. These were recorded at 
University Science Instrumentation Centre (USIC) of Delhi University, Delhi. The 
traces of these spectra have been shown in the Figs. (4.4-4.5). Two FT-Raman 
spectra of the same compound were also recorded using Bruker IFS 66V FT-Laser 
Raman Spectrometer at Regional Sophisticated Instrumentation Centre I.I.T. 
Madras. These were obtained in the ranges 250-3500 cm"' and 100-2000 cm"', using 
Nd YAG Laser at wavelength 1064 nm and power 200 mW and a germanium diode 
detector. These spectra are presented in the Figs. (4.6-4.7). Electronic absorption 
spectrum of the same compound was recorded in Chemistry Department Aligarh 
Muslim University, Aligarh. It is depicted in Fig. (4.8). 
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Fig. 4.2 Stokes Laser Raman spectrum of 3p-Tosyl Cholest-5-ene. 
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Fig. 4.3 Anti-Stokes Laser Raman spectrum of 3P-Tosyl Cholest-5-ene. 
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In Figs. 4.2 and 4.3, the positions of Stokes and anti-Stokes lines have been 
shown in wavelengths nm. In order to get the frequency of Stokes lines and anti-
Stokes lines, the wavelengths of these positions have been converted into the 
corresponding wavaiumbers and these wavenumbers have been subtracted from the 
wavenumber of the exciting line. Therefore in the Tables 4.2 and 4.3, the frequencies 
of Stokes as well as those of anti-Stokes lines have been shown in the cm"'. 
4.3 Results and Discussion: 
Laser Raman and FTIR spectra of steroid are complex due to fact that its 
structure is not a simple and uniform one. Vibrational spectra of complex 
polyatomic molecules play an important role to recognize the various vibrations. In 
this chapter we have studied the complete vibrational analysis of the steroid, namely, 
Tosyl Cholesterol tiirough Laser Raman, FT-Laser Raman , Electronic Absorption 
and FTIR spectra. It is the Tosyl derivative of 3P-hydroxy Cholest^ Sene 
(Cholesterol). H in the place of SP-position has been replaced by Tosyl group (Ts). 
Ts group i.e. p-toluene sulfonyl group contain an aromatic ring. If we assume that, 
as an approximation, each of the substituents groups as a single point mass and lies 
in the plane of the molecule, the molecule may belong to Cs-point group, having 
only one element of symmetry i. e. molecular plane containing all atoms. This 
molecule has only two types of vibrations i. e. planar (a') and non-planar (a") and 
will be active in both infrared and Raman. The observed vibrational frequencies with 
relative intensities and probable assignments are presented in the Tables (4.1-4.3). 
Table (4.4) describes the correlation between frmdamental vibrational frequencies 
observed in FTIR, Stokes and anti-Stokes Laser Raman spectra of Tosyl 
Cholesterol. 
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Table 4.1 Observed vibrational frequencies in FTIR spectrum of Tosyl Cholesterol 
and their probable assignments. 
Infrared frequ. in 
cm-' 
466 
488 
500 
555 
623 
659 
666 
704 
715 
729 
812 
836 
865 
888 
939 
988 
1010 
1045 
1100 
1128 
1176 
1193 
1238 
1257 
1291 
1318 
1355 
1431 
1460 
1500 
1545 
1598 
1636 
1663 
1704 
1772 
1818 
1927 
Intensity 
2.0 
1.0 
4.2 
9.5 
3.2 
1.0 
8.5 
2.0 
1.0 
6.0 
7.5 
5.0 
6.5 
3.0 
10.0 
1.0 
2.5 
1.0 
5.0 
3.0 
9.0 
1.0 
1.0 
3.0 
2.0 
1.0 
10.0 
2.0 
4.0 
2.0 
1.0 
6.0 
1.0 
3.0 
2.0 
1.0 
1.0 
2.5 
Symmetry Species 
a" 
a" 
a" 
a' 
a' 
a" 
a" 
a" 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a* 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a* 
a' 
a' 
A' 
A' 
A' 
A 
A" 
A" 
Proposed vibrational 
assignements 
C-C o.p.b 
C-C o.p.b 
C-S o.p.b 
C-C i.p.b 
C-C i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b 
C-S stretch. 
CHj rocking 
C-H o.p.b 
C-H o.p.b 
S-0 stretch. 
S-0 sretch. 
S-0 stretch. 
C-C stretch. 
Ring breathing vib. 
C-CH3 rocking 
C-CH3 rocking 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-0 stretch. 
Angular CH3 group b/w two 
six membered rings (C-10) 
C-CH3 asy.def. 
CH2 scissoring 
C-C stretch. 
C-C stretch. 
C-C stretch. 
(1010+623) 
(1010+659) 
(1010+704) 
(1128+666) 
(1318+500) 
(1460+466) 
Contd... 
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Contd...Table (4.1) 
2184 
2367 
2528 
2597 
2620 
2827 
2873 
2919 
2949 
3034 
3057 
3181 
3431 
1.0 
2.5 
1.0 
1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
3.0 
3.0 
A' 
A" 
A 
A" 
A" 
a 
a 
a" 
A" 
a 
a 
A' 
A 
(1176+1010) 
(1355+1010) 
(2x1257) 
(1238+1355) 
(1431+1193) 
CH2 sym. stretch. 
CH3 in phase stretch. 
CH2 asy. stretch. 
CH3 out of phase stretch. 
C-H stretch. 
C-H stretch. 
(2x1598) 
(2873+555) 
Table 4.2 Observed vibrational frequencies in Stokes Laser Raman spectrum of 
Tosyi Cholesterol and their probable assignments. 
Raman 
Frequencies (cm'') 
187 
228 
330 
451 
551 
591 
709 
767 
864 
922 
1036 
1092 
1130 
1223 
1279 
1398 
1425 
1498 
1587 
1641 
1711 
Intensity 
5.0 
6.0 
10.0 
3.0 
2.5 
3.0 
2.5 
5.5 
5.5 
4.0 
4.0 
5.0 
3.0 
3.5 
2.0 
2.0 
4.0 
2.0 
1.0 
4.0 
4.0 
Symmetry Species 
a" 
a' 
a' 
a' 
a" 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a" 
a" 
Proposed vibrational 
assignments 
CH3 torsional 
(1092-864) 
(922-591) 
C-C o.p.b 
C-C i.p.b 
C-C i.p.b 
C-Sstretch. 
CH2 rocking 
S-0 stretch 
.8-0 stretch. 
C-CH3 rocking 
C-CH3 rocking 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
Angular methyl group b/w 
a six a five membered 
Rings (C-18) 
C-CH3asy. Def 
C-C stretch 
C-C stretch. 
(1092+551) 
(1130+591) 
Contd... 
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Contd... Table (4.2) 
1834 
1921 
1972 
2006 
2142 
2192 
2276 
2358 
2424 
2473 
2537 
2585 
2617 
2713 
2791 
2838 
2931 
2993 
3069 
3144 
3244 
3264 
3338 
3382 
3469 
3498 
3555 
3.0 
4.0 
1.0 
2.5 
2.0 
2.0 
3.0 
5.0 
I.O 
3.0 
4.0 
1.0 
5.0 
2.0 
3.0 
2.5 
3.0 
2.5 
2.0 
4.0 
2.0 
2.0 
3.0 
1.0 
2.0 
4.0 
4.0 
a' 
a" 
a" 
a" 
a' 
a* 
a' 
a' 
a" 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a" 
a' 
a' 
A" 
A" 
A" 
(1365+451) 
(1036+864) 
(1036+922) 
(1425+591) 
(1587+551) 
(1587+591) 
(1498+767) 
(1498+864) 
(1498+922) 
(1425+1036) 
(1365+1152) 
(1365+1223) 
(1498+1130) 
(1587+1130) 
(2x1398) 
CH2 sym. stretch 
CH2 asy. stretch 
C-H stretch 
C-H stretch 
(2x1279+591) 
(2x1223+767 
(3069+187) 
(2x1398+551) 
(2931+451) 
(2931+55) 
(2x1398+591) 
(2993+551) 
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Table 4.3 Observed Raman Vibrational frequencies in anti-stokes laser Raman 
spectrum of Tosyl Cholesterol and their probable assignments. 
Raman frequency 
in cm' 
582 
716 
807 
921 
1059 
1152 
1365 
1437 
1558 
1804 
1904 
2004 
2055 
2312 
2390 
2548 
2682 
2844 
2953 
3092 
3175 
3260 
3345 
3516 
3574 
3749 
3897 
4228 
4413 
4855 
5049 
5379 
5650 
5891 
Intensity 
8 
10 
5 
3 
4 
3 
3.5 
4.5 
2 
3 
4 
3.5 
4.5 
4.5 
4.5 
5 
6 
3 
6 
2 
4 
4.5 
4.5 
3 
4.5 
5 
5.5 
5.5 
2.5 
3.0 
2.0 
2.5 
2.0 
1.0 
Symmetry 
Species 
a' 
a' 
a" 
a' 
a" 
a' 
a" 
a" 
a' 
a" 
a' 
a' 
a" 
a' 
a" 
a" 
a" 
a" 
A' 
a" 
Proposed vibrational 
assignments 
C-C i.p.b. 
C-S stretch. 
C-H o.p.b. 
S-0 stretch. 
C-CH3 rocking 
C-H i.p.b. 
Angular CH3 group b/w two six 
membered rings (C-10) 
C-CH3 asy. def. 
C-C stretch. 
(2953-1152) 
(2953-1059) 
(1437+182) 
(3092-1059) 
(2X1152) 
(3092-716) 
CH2 sym. Stretch 
CH3 out of phase stretch 
C-H stretch 
(2953+582) 
(2844+716) 
(2953+807) 
(2844+1059) 
(3092+1152) 
(2844+1558) 
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Table 4.4: Correlation between fundamental vibrational frequencies observed in FTIR, 
stokes and anti-stokes laser Raman spectra of Tosyl cholesterol and their proposed 
assignments. 
FTIR (cm') 
466 
488 
500 
555 
623 
659 
666 
704 
715 
729 
812 
836 
865 
888 
939 
988 
1010 
1045 
1100 
1128 
1176 
1193 
1238 
1291 
1318 
1355 
1431 
1460 
1500 
Laser Raman (cm'') 
Stokes 
451 
551 
591 
709 
767 
864 
922 
1036 
1092 
1130 
1223 
1279 
1398 
1425 
1498 
anti-Stokes 
582 
716 
807 
921 
1059 
1152 
1365 
1437 
Symmetry species 
a" 
a" 
a" 
a' 
a' 
a" 
a" 
a" 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a* 
a" 
a" 
a" 
a' 
a' 
Assignments 
C-C o.p.b 
C-C o.p.b 
C-S o.p.b 
C-C i.p.b 
C-C i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b 
C-S stretch. 
CH2 rocking 
C-H o.p.b 
C-H o.p.b. 
S-0 stretch. 
S-0 stretch. 
S-0 stretch. 
C-C stretch. 
Ring breathing 
C-CH3 rocking 
C-CH3 rocking 
C-H i.p.b 
C-H i.p.b. 
C-H i.p.b. 
C-H i.p.b. 
C-H i.p.b. 
C-0 stretch. 
Angular methyl 
group between 
two six 
membered rings 
(C-10) 
Angular methyl 
group between 
a five and a six 
membered rings 
(C-18) 
C-CH3 asy.def. 
CH2 scissoring 
C-C stretch. 
Contd.. 
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Contd...Table (4.4) 
1545 
1598 
2827 
2873 
2919 
2949 
3034 
3057 
1587 
2838 
2931 
1558 
2844 
2953 
3092 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
C-C stretch. 
C-C stretch. 
CH2 sym. stretch. 
CH3 in phase 
stretch. 
CH2 asy. Stretch 
CH3 out of phase 
stretch. 
C-H stretch. 
C-H stretch. 
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Table 4.5 Observed vibrational frequencies in FT-Laser Raman spectrum of Tosyl 
Cholesterol and their probable assignments. 
Raman freq. in Symmetry Species Assignment 
cm-
118.9VS 
253.5 w 
302. Iw 
407.9W 
433.4m 
570.9W 
641.1m 
674.1m 
703.5m 
806.1s 
894.9W 
962.7m 
1013.4W 
1031.Iw 
1107.0m 
1131.Iw 
1179.4VS 
1265.5W 
1314.1W 
1353.1m 
1384.1m 
1445.7VS 
1604.8s 
1672.4s 
2250.6W 
2290.2W 
2720.2W 
2835.8W 
2854.6m 
2871.9m 
2910.5s 
2954,5ws 
3070.7s 
3161.6W 
3469.8W 
a" 
a' 
a" 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
A" 
A" 
A" 
a' 
a" 
a' 
a" 
a" 
a' 
A" 
A" 
CH3 torsional 
(1265-1013) 
(1314-1013) 
C-C o.p.b 
C-C o.p.b 
C-C i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b. 
C-H o.p.b 
S-0 stretch. 
S-0 stretch. 
Ring breathing vib. 
C-CH3 rocking. 
C-CH3 rocking 
C-H i.p.b. 
C-H i.p.b. 
C-H i.p.b 
C-0 stretch. 
Angular methyl group b/w two six 
membered rings (C-10) 
Angular methyl group b/w a six 
and a five membered rings (C-18) 
C-CH3 asy, def. 
C-C stretch. 
(1031+641) 
(16044^1) 
(1265+1031). 
(1604+1107) 
CH2 sym.stretch.. 
CH2 asy. Stretch. 
CH3 in phase stretch.. 
CH2 asy.stretch.. 
CH3 out of phase stretch.. 
C-H stretch. 
(2x1265+641) 
(3070+407)) 
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Table 4.6. Observed frequency shifts in Tosyl Cholesterol in methanol. 
FTIR freq. in KBr 
PeUet (cm"') 
2919.5 
2873.6 
988.0 
939.92 
865.94 
812.62 
729.67 
704.55 
666.87 
555.08 
FTIR frequ.iii 
solvent 
2925.0 
2850.0 
975.5 
937.8 
864.4 
813.6 
738.0 
700.0 
665.7 
555.4 
Shifts in 
frequency 
5.5 
23.6 
12.5 
2.12 
1.54 
0.98 
8.33 
4.55 
1.10 
0.32 
Assignments 
CH2 asy. Stretch. 
CH3 in phase stretch. 
C-C stretch.. 
S-0 stretch. 
S-0 stretch. 
C-H o.p.b 
CH2 rocking 
C-H o.p.b 
C-H o.p.b 
C-C i.p.b. 
asy. Stretch.- asymmetric Stretching, o. p. b.- Out of plane bending, 
i. p. b.- In plane bending, asy.def.-asymmetric deformation, sym.stretch.-
symmetric stretching 
I l l 
Table 4.7. Observed electronic bands of3P-TosylCholest-5-ene in methanol and 
their vibrational structure. 
Position of Position of Absorbance Separation from Assignments Transition 
the bands in tiie bands in corresponding in Plants 
A° cm"' bands notation 
2050 48764.859 0.0765 'B *A,g->'E2u ' A V B 
2100 47603.938 0.0485 0+7293 ^^-
2110 47378.355 0.0571 0+7068 
2150 46496.999 0.0771 0+6186 
2420 41309.766 0.0828 0+999 Ring breath. 
vibration 
2470 40473.597 0.0857 0+163 CH3 torsinal 
2480 40310.408 0.207 'U 'A,g->'B,u ' A ^ ' L , 
2520 39670.604 0.198 0+1514 C-C stretch 
2620 38156.554 0.286 'U 'A|g->'B2u ^A^% 
2730 36619.195 0.1566 0+1537 C-C stretch 
unassigned vibrational bands probably the combination and overtones of the 
fundamental vibrations. 
From the FTIR spectra of compound in solid phase and in the liquid phase 
i.e. in the solution of methanol. It has been observed that vibrational spectrum of the 
compound is affected by the environmental factors as a result of it changes in the 
shape, frequency and intensity of bands are observed. The frequency shifts observed 
in these spectra have been given in Table (4.6). The measurements of these spectral 
changes due to solvent may throw some light on the intermolecular forces. 
Tlierefore, the structural property of the methanol molecule gives rise to the break of 
the internal hydrogen bonding of solid and stabilize the open structure by means of 
the solute-solvent interactions. Table (4.5) gives the Raman frequencies observed in 
the FT-Laser Raman spectrum of the molecule and their probable assignments. 
112 
Table (4.7) gives the assignment of the observed electronic bands and their 
vibrational structure in the electronic spectrum of the same molecule. 
4.3.1 C-H Stretching ring vibrations-
Since the overlap of absorption bands is appreciable in this region (3000-
2850 cm"'), little information of structural can be obtained from the C-H stretching 
vibrations of methyl and methylene groups in steroids. The C-H bands attached to 
the unsaturated groups are, however, readily distinguished by their high stretching 
frequencies (>3000 cm"'). In the present investigation the bands observed in FTIR 
spectrum at 3034, and 3057 cm"' have been assigned to C-H stretching vibrations. A 
single band has been observed in anti-stokes Laser Raman spectrum at 3036 cm" . 
The above band has been appeared at 3070.7 cm"' in the FT-Laser Raman specrum 
of the same molecule. The above assignments are the good agreement with the 
earlier reports (10,12-20). 
4.3.2 C-H in plane deformation and Ring Breathing modes-
A number of characteristic absorption bands in the region 1100-1300 cm"' 
are to tiie C-H in plane deformation. The position and number of C-H in plane 
deformation modes depend on the orientation and number of the isolated ring 
hydrogen atoms. In this paper the bands observed at 1128, 1178, 1193, 1238, 1257 
and 1291 cm"' in FTIR spectrum have been assigned to C-H in plane bending 
vibrations. Their counter part bands have been observed at 1130 and 1297 cm"' in 
Stokes Laser Raman spectrum and a single band has been obtained in anti-Stokes 
Laser Raman spectrum at 1152 cm"'. These results are agree very well with [7, 21-
28]. Ring breathing vibration modes generally occurs around 1000 cm . In the 
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present investigation this vibration has been speared at 1010 cm'' in FTIR and at 
1013.4 cm-1 in FT-Laser spectrum of the same compound. This band was assigned 
at 1010 cm-'by [29]. 
4.3.3 C-H out-of-plane bending vibrations 
Bands appearing in the region (700-900 cm'') have been attributed to the C-
H out-of-plane bending vibrations and positions of these bands depends on the 
number of free hydrogen atoms adjacent to one another. In tiie present paper, these 
bands have been found at 659, 666, 704, 812 and 836 cm'' in FTIR spectrum. The 
above band in FT-Laser Raman Spectrum were obtained at 641.6, 674.1 and 806.1 
cm''. These vibrations are in favourable element with values given in the literatures 
[25-36]. 
4.3.4 C-S stretching vibrations 
The C-S stretching frequencies generally appears as a band of weak or 
moderate intensity in the range 720-570 cm''. L. J. Bellamy [37] has suggested that 
the C-S stretching vibration normally appears in the infrared as a weak absorption in 
the range 700-600 cm'' and C-S out- of- plane bending vibration nearly 500 cm''. In 
the present study the bands observed at 715 cm'' has been assigned to C-S stretching 
vibration in the FTIR spectrum and the same band has appeared at 709 cm' in anti-
Stokes Laser Raman spectrum. This frequency was identified at 700 cm"' in {C6-
SPT) by Agrwal et al [10]. A band observed at 500 cm'' has been assigned as C-S 
out of plane bending vibration in the FTIR spectrum of the compound. A C-S 
stretching vibration has been assigned at 695 cm'' by [38]. The above assignments 
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are also agree with [39-44]. Ruifeng et al [39] and B. H. Stuart [30] have obtained 
C-S stretching vibrational frequencies at 735 and at 732 cm"', respectively. 
4.3.5 S-Q stretching vibrations 
C. N. R. Rao [45] and L. J. Bellamy [37] have suggested that S-0 stretching 
vibrations occur in the region 890-950 cm''. The S-0 stretching frequency has been 
observed as a strong band around 900 cm"' by [46] and around 860 cm"' by [47]. In 
the light of above discussion, in the present investigation the bands observed at 865, 
888 and 939 cm"' have been assigned to S-0 stretching vibrations in FTIR spectrum 
of the compound. Their counter part bands have been obtained at 922 and 864 cm" 
in the Stokes Laser Raman and a single band at 921 cm*' in anti-Stokes Laser Raman 
spectrum of the present compound. 
4.3.6 Angular methyl group vibrations 
A. R. H. Cole and his collaborators [2-3, 48] and C .N. R. Rao [45] 
suggested that angular methyl group vibrations in the region (1374-1392 cm"') in 
between two six membered rings (C-10) and in between a five and a six membered 
rings(C-18) in the region (1372-1383) cm"'. The above vibrations have been 
assigned at 1385 cm"' and at 1370 cm"' in (C6-SPT) by [10]. In the light of above 
results, in the present investigation the former band has been found at 1395 cm"' in 
Stokes Laser Raman spectrum and later bands have been assigned at 1355 cm-1 in 
FTIR and at 1365 cm"' in the anti-Stokes Laser Raman spectrum. The above 
vibrations are obtained at 1353.5 and at 1387.3 cm"' in FT-Raman spectrum of the 
same. 
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The rocking vibrations of CH3 group interact with other modes as a result 
of this interaction the rocking mode frequency does not appear consistently. Several 
workers [49-50] have assigned these vibrations at about 1170140 cm'". D. 
Premaswarup et al [51] have assigned out of plane rocking mode of CH3 group at 
1050 cm'" in 2-Bromo-5-nitrotoluene, at 1080 cm"' in 2-Bromo-4-nitrotoluene, at 
1080 cm"' in 4-chloro-3-nitrotoluene, In the present investigation this vibration has 
been assigned at 1045 cm'' in FTIR spectrum. Their counter parts have been 
assigned at 1036 cm"' and at 1092 cm'' in Stokes Laser Raman spectrum and a 
single band is observed at 1059 cm'' in anti- Stokes Laser Raman spectrum. The 
above vibration has been appeared at 1031 cm''in FT-Raman spectrum of the same 
compound. Shabbir Ahmed and P. K. Verma [52] have reported this vibration at 
1135 cm'' in 3,4,5-trimethoxybenzaIdehyde. Yogesh Kumar Agarwal and P. K. 
Verma [10] have assigned this vibration at 1060 cm'' in the infrared spectra of C6-
Spiro steroidal tetrazenes. 
A literature survey [53-54] reveals that in 0-xylene the CH3 torsional mode 
appears at about 180 cm''. A. R. Shukla et al [55] have observed a very weak 
Raman line at 184 cm"* in 2,3- Dimethylaniline. In the pre sent study, we have 
observed a Raman Line at 187 cm'' in Stokes Laser Raman spectrum which we have 
assigned tentatively to this mode. The asymmetric deformations of the substituent 
methyl groups are to be expected in the region 1410-1470 cm"'. A. R. Shukla et al 
[55] have shown the Raman spectrum in wliich the frequencies 1462, 1450, 1443, 
1438 cm"' were assigned C-CH3 asymmetric deformations. The above band has 
been found at 1445 cm"' in FT-Raman of the same. Some of these frequencies are 
also observed in the infrared spectra. In this chapter the two bands are seen at 1431 
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and 1469 cm"' in FTIR spectrum and its Raman partners also appear at 1425 cm"' 
and at 1437 cm"' in Stokes and anti-Stokes Laser Raman spectrum of Tosyl 
Cholesterol respectively. 
In the spectra of 2,3-dimethylaniline, four asymmetric CH3 stretching are 
expected [56-58] in the range 2925-2900 cm"'. A. R. Shukla et al [55] have found the 
above vibrations at 2941,2967 and at 2978 cm'. Agarwal et al [10] have shown the 
CH3 asymmetric stretching vibrational frequencies at 2960, 2970, 2960 and at 2960 
cm"' in Chloro, Bromo, lodo and Acetate derivatives of C6-Spiro-steroidal 
tetrazenes respectively. In the present paper the CH3 out of phase stretching have 
been assigned at 2949 and at 2953 cm"' in FTIR and anti-Stokes Laser Raman 
spectra of Tosyl Cholesterol. In the FT-Raman spectrum the above symmetric and 
asymmetric CH3 vibrations have been explained at 2871.9 and 2954.5 cn-1. P. K. 
Verma et al [10] have found the CH3 in phase stretching at 2870, 2860, 2875 and 
2870 cm"' in infrared ^Tectra of Chloro, Bromo, lodo and acetate C6- Spiro-steroidal 
tetrazenes respectively. In Ae present investigation the CH3 in phase stretching 
vibrational frequency has been assigned at 2873 cm"' in under taken compound. CH3 
asymmetric stretching and symmetric stretching vibrational frequencies have been 
assigned at 2965 and 2853 cm"' in IR spectrum of isomeric methoxybenzaldehyde 
by D. N. Singh et al [59]. Hie vibrational studies of 5, 6- dihydro-5-methyl uracil 
Krishna Kumar et al [60] have identified the CH3 symmetric and asymmetric bands 
at 2933 and 2980 cm"' respectively. 
4.3.7 CH? vibrations 
L. A. E. Batisade Carvalho et al [61] have assigned the symmetric and 
asymmetric stretching mode of CH2 group at 2860 and at 2906 cm"' respectively. 
Krishna Kumar et al [60] have identified the CH2 symmetric and asymmetric bands 
at 2839 and 2890 cm'' respectively. In view of above finding in the present study the 
band observed at 2827, 2838, 2844 cm"' and assigned to CH2 symmetric stretching 
vibrations and bands observed at 2909 and 2931 cm"' are assigned to CH2 
asymmetric stretching vibrations. CH2 symmetric and asymmetric stretching 
vibrations have been assigned at 2835.8, 2854.6 and at 2910.5 cm-1 in FT-IR and 
FT-Raman spectrum respectively, further the scissoring and rocking mode of CH2 
are identified at 1460 cm"' and 729 cm"' respectively. Krishna Kumar et al [60] have 
also verified these vibrations at 1417 and 756 cm"'. 
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CHAPTER 5 
Laser Raman, FTIR and Electronic absorption spectra of 3P-hydroxy-5P-
methyH9-nor.Stigmast9(10)-en-6a-ol 
5.1 Introduction: 
The steroids and their derivatives have been the subject of spectroscopic 
studies in inJ&ared region, inspite of considerable biological importance of steroids 
and their derivatives, very little spectroscopic studies are reported in the literature 
(1-9). Recently, Yogesh Kumar Agarwal and P. K. Verma [10] have reported the 
infrared spectra of C6- Spiro steroidal tetrazene and its Chloro, Bromo, lodo, and 
Acetate derivatives. Infrared spectra of Cholestane 3-one and Cholestane-7-one have 
been investigated by R. N. Jones [11]. However, there is no report on the laser 
Raman and electronic absorption spectra of steroids in the literature. Hence, an 
attempt has been made in the present work to record the FTIR in two different 
phases and Laser Raman including stokes as well as anti-stokes spectra and 
electronic absorption spectra of steroid, namely, 3p-hydroxy-5P-methyl-19-
nor.Stigmast 9(10)-en-6a-ol to study the complete vibrational and electronic 
analysis on the basis of Cs point. It is difficult to interpret the spectra of such 
molecules because of their high complexity and low symmetry. 
C10H21 
H3C 
OH 
Fig. 5.1 Molecular structure formula of 3P-hydroxy-5p-methyI-19-nor.Stigmast 
9(10)-en-6a-ol 
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5.2 Experimental Details: 
The above steroid has been prepared in Steroidal Research Laboratory, 
Department of Chemistry, Aligarh Muslim University, Aligarh. The molecular 
structural formulae of 3p-hydroxy-5p-methyl-19-nor.Stigmast 9(10)-en-6a-ol has 
been shown in the figure (5.1). It was in solid form at room temperature and was 
used as such for recording the FT-infrared, the Laser Raman and electronic 
absorption spectra. The Stokes as well as anti- Stokes Laser Raman spectra were 
recorded in the region 150-4000 cm*' on a Spectra-Pro-500 Laser Raman 
Spectrophotometer in liquid phase using methanol as a solvent equipped with a 0.5 
meter triple grating monochromator and computer datamate. These were recorded in 
the solution of chloroform. Sample was placed in a quartz cell and to excite this the 
488nm line of an Argon ion Laser was used. The Laser power on the sample was 
4W. The Raman frequencies are accurate with in the ±1 cm*' and the resolution of 
the Spectrometer under the present experimental condition was of the order of 2 
cm*'. These were recorded in M. N. Shaha Spectroscopy Laboratory of Allahabad 
University, Physics Department Allahabad. The traces of these spectra have been 
shown in the figures (5.2-5.3). The FTIR spectra of compound was recorded in solid 
phase using KBr pellets technique as well as in the liquid phase using methanol as a 
solvent in the regions 400-4000 cm*' on Peridn Elmer FTIR Spectrophotometer 
equipped with computer datamate. The resolution of the FTIR Spectrophtometer was 
4.0 cm"'. These were recorded at University Science Instrumentation Centre (USIC), 
Delhi University, Delhi. The traces of these spectra have been shown in the figures 
(5.4-5.5). The electronic absorption spectrum of the same compound has also been 
recorded in the range 2000-4000 A°. This spectrum is presented in Fig. (5.6). 
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5000 
AOOO -
(/I 
S 3000 
0; 
> 
0; 
2000 
1000 -
0 -
500 5A0 860 580 620 
Wavelength (nm) 
Fig. 5.2 Stokes Laser Raman spectrum of 3p-hydroxy-5p-methyl-19-nor.Stigmast 
9(10)-en-6a-ol. 
380 A60 AOO A20 AAO 
Wavelength ( n m) 
Fig. 5.3 Anti-Stokes User Raman spectrum of 3P-hydroxy-5p-methyl-19-
nor.Stigmast 9(10)-en-6a-ol. 
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In figures 5.2 and 5.3, the positions of Stokes and anti-Stokes lines have been 
shown in wavelei^ths nm. In order to get the frequency of Stokes lines and anti-
Stokes lines, the wavelengths of these positions have been converted into the 
corresponding wavenumbers and these wavenumbers have been subtracted from the 
wavenumber of the exciting line. Therefore in the Table 5.1, the frequencies of 
Stokes as well as those of anti-Stokes lines have been shown in the cm''. 
5.3 Results and Discussion 
Laser Raman and FTIR spectra of steroid are complex due to fact that its 
structure is not a simple and uniform one. Vibrational spectra of complex 
polyatomic molecules play an important role to recognize the various vibrations. In 
this chapter we have studied the complete vibrational analysis of the present steroid 
through Laser Raman, Electronic Absorption and FTIR spectra. If we assume that, 
as an approximation, each of the substituents groups is treated as a single point mass 
and lies in the plane of the molecule, the molecule may belong to Cs-point group, 
having only one element of symmetry i. e. molecular plane containing all atoms. 
This molecule has only two types of vibrations i. e. planar (a') and non-planar (a") 
and will be active in both infrared and Raman. The observed vibrational frequencies 
with relative intensities in FT-IR and Laser Raman and their probable assignments 
are presented in the Table 5.1. In the electronic spectrum of the same molecule only 
two electronic bands have been foimd corresponding to the electronic transitions 
( ' A - ^ ' B ) and ( ' A - ^ ' U ) . These bands are situated at 2170 A° and 2840 A° 
respectively. These are given in the Table 5.2. 
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Table 5.1 Observed vibrational frequencies in FTIR and Laser Raman Sepctrum of 
3p-hydroxy-5P-methyl-19-nor.stigmast9(10)-en-6a-ol 
ETIR (cm-') 
466 
545 
590 
613 
638 
670 
750 
784 
822 
875 
, 918 
944 
836 
988 
1034 
1147 
1184 
1245 
1287 
1333 
1380 
1466 
1579 
1708 
I.R. 
Stake's 
248 
330 
531 
650* 
921 
n i l 
1370 
1587 
1694 
(cm-') 
Anti-stake's 
694 
875 
967 
1013 
1059 
1152 
1199 
1389 
1437 
1534 
1705 
Symmetry 
SpicCIca 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a' 
a' 
A" 
Assignments 
C-OH o.p.b 
C-OH i.p.b. 
C-C o.p.b. 
C-C i.p.b. 
C-C i.p.b. 
C-C i.p.b. 
C-C i.p.b. 
C-H i.p.b.. 
C-H o.p.b. 
C-H o.p.b. 
C-H o.p.b 
C-H o.p.b 
0-H o.p.b 
C-H o.p.b 
0-H o.p.b 
C-H o.p.b 
C-H o.p.b 
Ring breath.vib. 
C-CH3 rocking 
C-H i.p.b 
C-H i.p.b 
0-H i.p.b. 
0-H i.p.b 
C-H i.p.b 
C-OH stretch. 
C-H i.p.b.. 
Angular methyl 
group b/w two six 
membered ring 
C-C stretch. 
CH3 o.p.def. 
C-C stretch 
C-C stretch 
(1034 + 6701) 
Contd... 
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Contd...(Table 5.1) 
• 
2340 
2704 
2863 
, 
2952 
3416 
1799 
1903 
2006 
2055 
2108 
2242 
2505 
2601 
2760 
2916 
3038* 
3220 
3397 
1804 
1854 
1979 
2157 
2209 
2312 
2443 
2522 
2575 
2709 
2790 
2871 
3009* 
3120 
3175 
3316 
3430 
A' 
A' 
A' 
A' 
A" 
A" 
A" 
A' 
A' 
A" 
A" 
A' 
A" 
A' 
A 
a' 
a" 
a' 
a" 
a' 
A' 
a' 
a' 
(9875+967) 
(1370+531) 
(1370+650) 
(1587+531) 
(1199+967) 
(1199+1013) 
(1587+650) 
(2x1152) 
(1333+1034) 
(1389+1059) 
(1587+921) 
(1389+1199) 
(1199+1013) 
(2x1370) 
(2x1389) 
CH3 in phase stretch. 
CH2 asy. stretch. 
CH3 o.p. stretching 
C-H stretching 
C-H stretching 
(2x1582) 
0-H stretching 
0-H stretching 
i.p.b. = in-plane-bending, o.p.b. =out of plane bending 
Table 5.2 Observed electronic bands in electronic spectrum of 3P-hydroxy-5p-
methyl-19-nor.stigmast9(10)-en-6a-ol. in chloroform. 
Position of 
the bands in 
A« 
2170 ('B) 
2840('Lb) 
Position of the Absorbance 
bands in cm'' 
46068.501 2.0148 
35200.918 0.25 
Assignments 
Aig—>• E2u 
Ai£—> B2u 
Transition 
in Piatt's 
notation 
'A^'B 
'A-^'U 
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Table 5.3 Observed frequency shift in 3P-hydroxy5p-methyl-19-nor.stigniast 
(9(10)-en-6a-ol in chloroform. 
I.R. frequency 
(cm') 
3416.77 
2952.74 
2863.01 
1579.55 
1466.48 
1380.28 
1367.7 
1333.34 
1184.73 
1147.0 
1034.04 
988.63 
944.47 
918.0 
875.0 
670.0 
638.08 
I.R. frequency in 
solvent (cm'') 
3410.3 
2952.4 
2880.4 
1589.0 
1466.4 
1382.4 
1367.2 
1308.6 
1186.0 
1144.5 
1033.9 
980.5 
957.1 
921.36 
863.36 
668.0 
640.72 
Shift frequency 
(cm') 
6.47 
0.34 
17.39 
10.55 
0.08 
2.12 
0.50 
24.74 
1.27 
2.5 
0.14 
8.13 
12.63 
3.95 
11.64 
2.0 
2.64 
Mode 
0-H stretch 
CH3 o.p. stretch 
CH3 i.p. stretch 
C-C stretch 
CH3 o.p.p. defer. 
Angular methyl group b/w 
afive and six membered 
ring Ci8 
C-OH defor. in.p. 
C-H i.p.b. 
0-H i.p.b. 
0-H i.p.b. 
C-CH3 rocking 
C-H bend, o.o.p. 
0-H. o.o.p 
C-H o.p.b 
0-H o.p.b. 
C-H o.p.b. 
C-C i..p.b. 
Stretch = stretching defor. i.p, = deformation in plane bend. i.p. bending in-plane 
bend, o.o.p. = bending out-of plane. 
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From the FT-IR spectra of the same molecule in solid phase and in the liquid 
phase i.e. in the solution of methanol. It has been observed that vibrational spectrum 
of the compound is affected by the environmental factors as a result of it changes in 
the shape, frequency and intensity of bands are observed. The frequency shifts 
observed in these spectra have been given in Table 5.3. The measurements of these 
spectral changes due to solvent may throw some light on the intermolecular forces. 
Therefore, the structural property of the methanol molecule gives rise to the break of 
the internal hydrogen bonding of solid and stabilize the open structure by means of 
the solute-solvent interactions. 
5.3.1 C-H Stretching ring vibrations 
Since the overlap of absorption bands is appreciable in this region (3000-
2850 cm''), little information of structural can be obtained from the C-H stretching 
vibrations of methyl and methylene groups in steroids. The C-H bands attached to 
the unsaturated groups are, however, readily distinguished by their high stretching 
frequencies (>3000 < 3100 cm"'). In the present the Raman frequencies observed at 
3038 in Stokes Laser Raman and at 3009 cm"' in anti-stokes Laser Raman are 
assigned to C-H stretching vibration. The above assignments are the good agreement 
with the earlier reports (10,12-15). In FT-IR spectrum of the same molecule no 
above vibration could be obtained. 
5.3.2 C-H in plane bending vibrations 
A number of characteristic absorption bands in the region 1100-1300 cm"' 
are to the C-H in plane deformation. The position and number of C-H in plane 
deformation modes depend on the orientation and number of the isolated ring 
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hydrogen atoms. In the present case the infrared frequencies observed at 1245, 1333 
cm'' in FTIR spectrum are assigned to this mode. Their Raman counter part bands 
have been obtained at 1059,1111 cm"' in Laser Raman spectnmi of the same. These 
results are agree very well with [7,16-20]. 
5.3.3 C-H out-of-plane bending vibrations 
Bands appearing in the region (700-900 cm"') have been attributed to the 
C-H out-of-plane bending vibrations and positions of these bands depends on the 
number of free hydrogen atoms adjacent to one another. In the present case, these 
bands have been found at 670, 750, 784, 822, 918, 836 and 988 cm"' in FTIR 
spectrum. In the Laser Raman Spectrum of the same molecule, the Raman 
frequencies obtained at 694, 921 and 967 cm"' are assigned to above vibrations. 
These vibrations are in favourable with values given in the literatures [20-26]. 
5.3.4 C-OH vibrations 
C-OH stretching frequency, in-plane-bending and out-of-plane bending 
vibrations are foimd at 1287 cm"', 330 cm"' and 248 cm"' respectively in the present 
investigations. These assignments agree with literature (29-38). 
5.3.5 OH Group vibrations. 
The OH group give rise to three characteristic vibrations i.e. stretching in-
plane-bending and out-of-plane bending vibrations. The present investigation OH 
stretching with strong intensities has been appeared at 3416, 3397, 3430 cm"' in 
FTIR, Stokes and anti-Stokes Laser Raman spectra respectively. The OH in-plane 
and out-of-plane bending vibrations have been obtained at 875, 944 cm"' and 1184, 
1147,1152,1199 cm"' in our case. They also agree with (27-37). 
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5.3.6. Angular methyl group vibrations 
A. R. H. Cole and his collaborators [2-3, 39] and C .N. R. Rao [40] 
suggested that angular methyl group vibrations in the region (1374-1392 cm') in 
between two six membered rings (C-10) and in between a five and a six membered 
rings(C-18) in the region (1372-1383 cm''). The above vibrations have been 
assigned at 1385 cm*' and at 1370 cm'' in (C6-SPT) by [10]. In the light of above 
results, in the present investigation the angular methyl group between a five and six 
membered rings (C-18) has been found at 1380, 1370, 1389 cm'' in FTIR, Stokes 
and in anti-Stokes Laser Raman Spectrum respectively. 
The rocking vibrations of CH3 group interact with other modes as a result of 
this interaction the rocking mode frequency does not appear consistently. Several 
workers [41-42] have assigned these vibrations at about 1170140 cm''. 
D. Premaswarup et al [43] have assigned out of plane rocking mode of CH3 group at 
1050 cm'' in 2-Bromo-5-nitrotoIuene, at 1080 cm*' in 2-Bromo-4-nitrotoluene, at 
1080 cm'' in 4-chloro-3-nitrotoluene. In the present investigation this vibration has 
been assigned at 1034 cm*' in FTIR spectrum. Shabbir Ahmed and P. K. Verma [44] 
have reported this vibration at 1135 cm*' in 3,4,5-trimethoxybenzaldehyde. Yogesh 
Kumar Agarwal and P. K. Verma [10] have assigned this vibration at 1060 cm*' in 
the infrared spectra of C6-Spiro steroidal tetrazenes. 
The asymmetric deformations of the substituent methyl groups are to be 
expected in the region 1410-1470 cm*'. A. R. Shukla et al [45] have shown the 
Raman spectrum in which the frequencies 1462, 1450, 1443, 1438 cm*' were 
assigned C-CH3 asymmetric deformations. The above band has been found at 1446 
cm'' in FT-IR spectrum. 
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In the spectra of 2,3-dimethylaniline, four asymmetric CH3 stretching are 
expected [46-48] in the range 2925-2900 cm''. A. R. Shukla et al [45] have found the 
above vibrations at 2941, 2967 and at 2978 cm''. Agarwal et al [10] have shovm the 
CH3 asymmetric stretching vibrational frequencies at 2960, 2970, 2960 and at 2960 
cm"' in Chloro, Bromo, lodo and Acetate derivatives of C6-Spiro-steroidal 
tetrazenes respectively. In the present chapter the CH3 out of phase stretching have 
been assigned at 2952 cm'' in FTIR spectrum. P. K. Verma et al [10] have found the 
CH3 in phase stretching at 2870, 2860, 2875 and 2870 cm'' in infrared spectra of 
Chloro, Bromo, lodo and acetate C6- Spiro-steroidal tetrazenes respectively. In the 
present investigation the CH3 in phase stretching vibrational frequency has been 
assigned at 2863 and 2871 cm'' in under-taken compound. CH3 asymmetric 
stretching and symmetric stretching vibrational frequencies have been assigned at 
2965 and 2853 cm"' in IR spectrum of isomeric methoxybenzaldehyde by D. N. 
Singh et al [49]. The vibrational studies of 5, 6- dihydro-5-methyl uracil by Krishna 
Kimiar et al [50] have identified the CH3 symmetric and asymmetric bands at 2933 
and 2980 cm"' respectively. 
5.3.7 CH; vibrations 
L. A. E. Batisade Carvalho et al [51] have assigned the symmetric and 
asymmetric stretching mode of CHj group at 2860 and at 2906 cm"' respectively. 
Krishna Kumar et al [50] have identified the CH2 synmietric and asymmetric bands 
at 2839 and 2890 cm"' respectively, hi view of above finding in the present study the 
band observed at 2916 cm"' is assigned to CH2 asymmetric stretching vibrations in 
FTIR spectrum. 
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5.3.8 C-C Vibration 
The infrared frequency 1579 cm'' and Raman frequencies 1457, 1587, 1534 
cm'' are assigned to C-C stretching vibrations. C-C in-plane bending vibrations have 
been assigned at 545, 531, 590, 613, 638, 650 cm''where as only C-C out-of-plane 
bending assigned at 466 cm"' observed single in FTIR spectrum of the molecule. A 
Raman frequency obtained in anti-stokes Laser Raman spectrum at 1013 cm"' is 
assigned to ring breathing vibration. These assignment find the support from the 
earlier workers [52-62]. 
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CHAPTER 6 
FT-LASER RAMAN SPECTRA OF m- & p-HYDROXYACETOPHENONES. 
6.1 Introduction 
The infrared spectra of acetophenone and some of its simpler derivatives 
have been reported in the literature [1-6]. Some of these studies relate to the effect of 
substitution [1-4] on the carbonyl absorption band while the others to the effect of 
hydrogen bonding [6] on this band. The infrared spectra of some substituted 
chalcones and flavanones have also been reported by Dhar and Gupta [7-8]. A 
detailed and systematic analysis of the infrared spectra of some substituted 
acetophenones with hydroxy, methyl, methoxy and aldehydic substituent groups 
have been done by Gupta and Jain [9], but the Laser Raman spectra of these 
compounds do not seem to have been reported so far. Therefore, in the present work, 
FT-Laser Raman spectra of m- and p-Hydroxyacetophenone have been recorded and 
analysed in detail in the region 50-3500 cm"'. The acetophenone (C6H5COCH3) and 
benzaldehyde (CeHsCHO) molecules are quite similar in arrangement of their 
constituent atoms. Therefore, for vibrational assignments, assistance has also been 
taken from the vibrational assigrunents made for benzene derivatives containing 
OCH3 [14-21], CHO [21-34] and OH [35-43] groups. 
6.2 Experimental Details 
The molecules m- & p-Hydroxy acetophenones were procured fiiom the Central 
Drug House (P) Ltd., Delhi and were used as such. Two FT-Laser Raman Spectra of 
each molecule were recorded using Bruker IFS 66V FT-Raman Spectrometer at 
Regional Sophisticated Instrumentation Centre, I.I.T., Madras. These are recorded in 
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the regions 250-350 cm"' and 100-2000 cm"'. For recording the spectra Nd-YAG 
laser at wavelength 1064 rmi was used. YAG(yttrium-aluminium-gamet, Y3A15O12) 
is a crystal in which Nd^ ^ ions can be used as impurities. These ions are responsible 
for the lasing action. The traces of these spectra are depicted in the figures 6.1-6.4. 
6.3 Results and Discussion 
The molecules m- and p- Hydroxyacetophenone are di-substituted benzenes. In 
m-Hydroxyacetophenone, the two hydrogen atoms of benzene at 1- and 3- positions 
are replaced by -COCH3 and -OH groups respectively, while in p-hydroxy 
acetophenone, these were attached at 1-and 4-positions. If we assume, under as an 
approximation COCH3 and OH groups to behave as single mass points and all the 
atoms of these groups to lie in the plane of the ring, these molecules can be treated 
to belong to Cs point groups [10]. TTie only syirunetry element will be the molecular 
plane containing all the atoms. In the view of the Cs symmetry, the molecules will 
have only two types of vibrations planar (a') and non-planar (a") and will be active 
both in Raman and infrared. The former being totally symmetric and the latter anti 
symmetric with respect to the symmetry operation of reflection in the molecular 
plane. As these are 18 atomic molecules, the total number of fundamental vibrations 
possible is 48, out of which 33 are symmetric types (a') and 15 are anti-synunetric 
(a") given as: 
(a) Phenyl ring vibrations 21 a' + 2a" 
(b) COCH3 group vibrations 1 Oa' + 5a" 
(c) OH group vibrations 2a' + la". 
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The Raman frequencies in (cm"'), their visual intensities and probable assignments 
are shown in the Tables 6.1-6.2. The analysis is carried out of following the classification 
suggested by Varsanyi [11-12] to interpret the vibrational spectra of benzene derivatives. 
Vibrational assignments for a number of benzenes are available in the literature [10-13]. 
Some of the fruidamoitals of the benzene are affected very httle in its derivatives while 
other are either reduced or enhanced considerably depending upon the mass and position 
of the substituents. 
Phenyl ring vibrations: 
6.3.1. C-H stretching vibrations 
The C-H stretching vibrations of a heterocyclic aromatic compounds fall in the 
region 3100-3000 cm'', which permits ready identification for this structure. In this region 
the bands are not miK^ affected by the nature and position of the substituents [44]. The six 
C-H stretching fiiequoicies in benzene are d^ved fiom the eiu(3080), aig(3062), biu(3060) 
and e2g(3047 cm'') modes of benzene. Modes eiu and eag are doubly degenerate and each 
gives rise to two distinct frequoicies on substitution as the ring due to the reduction of 
symmetry. In di-substituted benzene four of the modes remains as C-H stretching while 
two of these modes becomes ring substituents stretching vibrations. In the present 
investigation in case of m-Hydroxyacetophenone, three C-H stretching modes could be 
observed at 3015 cm''* 3038 & 3068.6 cm"'. In p-Hydroxyacetophenone, these modes are 
found at 3000, 3049 and 3079 an*'. These modes are found with medium and weak 
intensities in the jn e^sent investigation. In p-fluoroacetophenone, these were obtained at 
3010 and 3080 cm' by [4]. In case of 2,4 di-hydroxyacetophenone and 2-hydroxy-
acetophenone, the above band has been assigned at 3075 and 3050 cm'' respectively by 
[9]. The above assignments are in the same tune with earlier workers [1-43,45-51]. 
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Table 6.1 Raman frequencies observed in FT-Laser Raman spectrum of m-
Hydroxyacetophenone and their probable assignments. 
Raman frequency (cm"') Symmetry species Assignments 
95.2 (w) 
181.6 (s) 
219 (vw) 
254.0 (ms) 
392.7 (m) 
449.9 (ms) 
491.0 (w) 
540.4 (s) 
635.0 (w) 
715.5 (vs) 
917.6 (w) 
966.7 (s) 
1003.7 (vs) 
1088.7(s) 
1175.9 (s) 
1266.0 (m) 
1304.7 (vs) 
1369.9 (w) 
1435.7 (m) 
1491.0 (w) 
1583.2 (s) 
1621.9 (s) 
1668.3 (ws) 
2931.3 (s) 
2974.8 (m) 
3015.0 (m) 
3038.9 (m) 
3068.6 (s) 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a* 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
Lattice vibration 
CH3 torsional 
1175-966 
C-OH opb 
C-C o.p.b 
C-C o.p.b. 
C-C o.p.b. 
C-C i.p.b 
C-C i.p.b 
C-C i.p.b. 
C-H o.p.b. 
C-H o.p.b., 0-H o.p.b. 
Ring breathng vibration 
C-H i.p.b. 
C-H i.p.b., 0-H i.p.b. 
C-OH stretching 
C-C stetching 
C-H sym. bend, in CH3 
C-H asym. bend, in CH3 
C-H asym. bend, in CH3 
C-C stretching 
C-C stretching 
C=0 stretching 
C-H asym. stretch, in CH3 
C-H asym. stretch, in CH3 
C-H stretching 
C-H stretching 
C-H stretching 
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Table 6.2 Raman frequencies observed in FT-Laser Raman spectrum of p-
Hydroxyacetophenone and their probable assignments. 
Raman frequency (cm') Symmetry species Assignments 
107.9 (s) 
190.0 (w) 
231.0 (w) 
299.3 (m) 
359.0 (m) 
399.0 (w) 
496.0 (m) 
573.9 (w) 
644.5 (s) 
699.2 (w) 
829.6 (w) 
849.3 (s) 
968.1 (s) 
1008.0 (w) 
1082.4 (s) 
1171.0 (s) 
1225.0 (s) 
1281.7 (vs) 
1349.0 (w) 
1431.9 (w) 
1516.0 (w) 
1580.4 (ws) 
1609.8 (s) 
1665.9 (vs) 
295.0 (m) 
2965.0 (w) 
3000.0 (w) 
3049.0 (w) 
3279.4 (m) 
3308.2 (w) 
a' 
a" 
a" 
a' 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a* 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
Lattice vibration 
CH3 torsional 
C-OH o.p.b. 
1580-1281 
C-OH i.p.b. 
C-C o.p.b. 
C-C o.p.b. 
C-C i.p.b 
C-C i.p.b 
C-H o.p.b. 
C-H o.p.b. 
C-H o.p.b. 
0-H o.p.b. 
Ring breathng vibration 
C-H i.p.b. 
O-H i.p.b., C-H i.p.b., 
C-O stretching 
C-OH stretching 
C-H sym. bend, in CH3 
C-H asym. bend, in CH3 
C-C stretching 
C-C stretching 
C-C stretching 
C=0 
C-H asym. stretch, in CH3 
C-H asym. Stretch, in CH3 
C-H stretching 
C-H stretching 
C-H stretching 
O-H stretching 
i.p.b = in-plane-bending, o.p.b. = out-of-plane bending, asy. Stretch. = asymmetric 
stretching. 
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6.3.2. C-H in- plane bending vibrations 
The fundamentals corresponding to C-H in-plane-bending vibrations of 
benzene derivatives are expected to arise from the modes, e2g (1178 cm"'), eiu (1033 
cm''), b2u(1110 cm-i) and a2g (1326 cm"') of benzene. In di-substituted benzenes, 
four of the modes remains as C-H in-plane-bending while two of these modes 
becomes ring substituents in-plane-bending vibrations. In the present investigation, 
the two C-H in-plane-bending frequencies at 1088.7 and 1175.9 cm"' are observed 
in laser Randan spectrum of m-Hydroxyacetophenone. The above vibrations have 
been found at 1082.4 and 1171.0 cm"' in p-Hydroxyacetophenone. These 
assignments are in good agreement with [1-9,45-56]. 
6.3.3 C-H out of plane bending modes. 
There are six C-H out of plane bending vibrations in the benzene arise from the 
bag (985), e2u(975), eig(840) and a2u(671) cm"' modes of benzene. Two bands in 
m- and three bands in p-Hydroxyacetophenone have been observed in laser Raman 
spectrum of these molecules. They are having magnitude of 917.6 cm", 966.7 cm"' 
and 699.2 cm"', 829.6, 849.3 cm"'respectively. These assignments are in good 
agreement with the reports of earlier workers [50-60]. 
6.3.4 C-C vibrations. 
The presence of aromatic ring structure in organic compounds is easily 
detected by a series of vibrational bands appear in the region 1350-1600 cm"'. These 
are due to C=C stretching modes and in single ring compounds six frequencies are 
observed. Five of these have magnitudes lying in the region 1350-1600 cm"' while 
the sixth has a much lower magnitude. This lower C-C stretching mode is called ring 
breathing vibration. The magnitude of ring breathing vibration remains near about 
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1000 cm"'. This corresponds to the 992 cm'' (ajg) vibration of benzene. Ring 
breathing vibration has been well studied by various investigators in different 
aromatic compound [61-66]. Aqueel [66] has reported this vibration at 1010 cm"' in 
the infrared spectrum of p-fluoroacetophenone while Rao [62] and Joshi et al. [65] 
have assigned the ring breathing frequency at 1000 and 1003 cm"' in cresol and 
m-fluoro aniline respectively. In analogy to this in the present this vibration has been 
assigned at 1003.7 and 1008 cm"' in m- and p-Hydroxyacetophenone respectively. 
These are also in good agreement with literature values [67-71]. The four 
characteristic stretching modes of C-C in the benzene are namely, ezg (1585 cm"'), 
e,„(1485 cm"'), biu (1370 cm"') and a,g (991 cm"'). The Raman frequencies 1304.7 
cm'', 1583.2, 1621 cm"' are assigned corresponding to C-C stretching modes in the 
laser Raman spectrum of m-Hydroxyacetophenone but in p-Hydroxyacetophenone, 
these vibrations are found at 1516,1580.4 and 1609.8 cm''. 
6.3.5. The C-C bending vibrations 
C-C deformation frequencies in substituted benzenes are derived from 
e2g(606), b2g(703) and eiu (405) modes of benzene. Modes e2g (606) and e2u (405) are 
doubly degenerate while mode b2g (703) is non degenerate. The Raman frequencies 
observed at 715.5 635, 540.4 cm"' have been assigned to C-C deformation in plane 
and frequencies at 491.0, 449.9 and 392.7 cm"' are assigned to C-C out of plane 
bending vibrations in case of m-Hydroxyacetophenone. But in case of p-Hydroxy-
acetophenone in plane and out-of-lane bending vibrations are found at 644.5, 573.9 
cm"' and 496.0,399.0 cm"' respectively. 
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6.3.6 C-OH vibrations 
C-OH stretching, C-OH in-plane bending and C-OH out-of-plane bending 
vibrations have been fond at 1281.7, 359 and 231 cm"' respectively in p-Hydroxy-
acetophenone. The C-OH stretching and C-OH out-of-plane bending vibrations have 
been obtained at 1255, 254.0 cm'' respectively in m-Hydroxyacetophenone. Samuel 
et al. [39] in 2,4,6-tri-nitrophenol, C-OH stretching and C-OH in-plane bending 
vibration were assigned at 1270 and 360 cm'' respectively. These are in good 
agreement with earlier reports [42,43-72]. 
6.4 Group vibrations. 
Group vibrations are determined in terms of the motions that the nuclei in a 
structural group in the molecule undergo during the vibrations and they appear in 
fairly constant region in the spectrum. The number of vibrations as well as the 
position of the bands are determined by the symmetry of the molecule, the masses of 
the atoms making up the molecule and the force constant of the bands between the 
atoms. 
6.4.1 OH-Group vibrations. 
The OH gmvtp gives rise to three characteristics vibrations i.e. stretching, in-plane 
bending out-of-plane balding vibrations. In associated species of phenols the OH 
stretching vibrations causes very intense and broad absorption near 3300 cm'. The band 
observed at 3308.2 cm'' in p-Hydroxyacetophenone is assigned to OH stretching mode 
in the present investigatioa The Raman frequencies with strong intensities at 1171 and 
1175.9 cm'' observed in p- aiKl m-Hydroxyacetophenone are assigned to OH in-plane 
bending vibrations. The OH out of plane bending vibrations have been assigned at 966.7 
cm'' in meta and 968.1 cm"' in para-Hydroxyacetophenone. Samuel Mathew [39] have 
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assigned these vibrations at 3400 cm"', 1170 cm' and 670 cm'' respectively in 2,4,6-
trinitrophenol. They also agree with [35-43]. 
6.4.2. C=0 stretching mode. 
C=0 stretching frequency has been thoroughly studied by various workers 
[1,4,21-34, 66, 73-75]. A comparative study of C=0 stretching vibrational frequency 
in substituted benzaldehydes and acetophenones is given in Table 6.3. 
Table 6 J Comparative study of C=0 stretching in different molecules. 
Substituent 
Acetophenone 
p-OCH3(p-methoxyacetophenone) 
p-CHs (p-methylacetophenone) 
p-Cl-(p-chloroacetophenone) 
p-Br (p-bromoacetophenone) 
p-I (p-iodoacetophenone) 
m-NOa (m-Nitroacetophenone) 
P-NO2 (p-nitroacetophenone) 
p-CN (p-cynoacetophenone) 
p-C6H5(p-phenylacetophenone) 
4-Hydroxybenzaldehyde 
2,4di-hydroxybenzaldehyde 
2-Hydroxyacetophenone 
4-Hydroxyacetopheone 
2,4-dihydroxyacetophenoen 
2,4,6-trihydroxyacetophenoen 
2,3,4-trihydroxyacetophenoen 
2,4,5-trihydroxyacetophenoen 
Frequency (cm'*) 
1692 
1683 
1688 
1693 
1693 
1689 
1699 
1700 
1697 
1689 
1655 
1630 
1650 
1655 
1622 
1625 
1623 
1615 
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In the light of above results in the present investigation the C=0 stretching 
vibration is assigned at 1668 and 1665.9 cm"' in FT-Laser Raman spectrum of m- & 
p-Hydroxyacetophenones respectively. 
6.4.3. Vibrations of C-CH^ group 
There are three stretching vibrations in the methyl group, one of these is 
symmetric while the others two are asymmetric. In the symmetric stretching 
vibration, all the three hydrogen atoms simultaneously move away from the carbon 
atom. Tripathi [4] in o & p fluoroacetophenones these vibrations have been assigned 
at 2870, 2930 cm"' and 2865, 2928 cm"'. In the present investigation the Raman 
frequencies 2931, 2974 cm"' in m- and at 2925.5, 2965.0 cm"' in p-Hydroxy-
acetophenone are assigned to C-H asymmetric stretching vibrations. The symmetric 
stretching frequency has not been observed in present. 
In addition to the above three stretching vibrations, the methyl group has 
three C-H deformation modes also. One of these is again symmetric and the 
remaining two are asymmetric. The symmetric vibration is also described as an 
umbrella vibration wherein all the three hydrogen atoms simultaneously move 
towards each other. The two asymmetric vibrations which are observed in the region 
1430-1470 cm"' and a symmetric vibration near 1370 cm"'. This region is crowed 
because of the presence of the two components of 1485 cm"' (eiu) C=C stretching 
vibration of the benzene. The Raman frequencies 1435.7 & 1491.0 cm"' observed in 
the laser Raman spectrum of m-Hydroxyacetophenone and the ftiequency 1431 cm"' 
in laser Raman spectrum of the p-Hydroxyacetophenone have been assigned to C-H 
asymmetric bending mode in CH3 group. The frequency 1348.0 cm"' in p-
Hydroxyacetophenone is assigned to C-H symmetric bending vibration in CH3 
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group. These assignments are in good agreement with the assignments given by [14-
21, 76,77]. There are three external vibrations of the CH3 group in which the group 
does not internally deform but moves as a whole unit. These are rocking and 
torsional vibrations. 
A literature survey [78,79] reveals that in o-xylene the CH3 torsional mode 
appears at 180 cm''. A.R. Shukla et. al [80] have observed a very weak Raman line 
at 184 cm"' in 2,3-Dimethyl aniline. This mode in our present study has been found 
at 181.6 and 190.0 cm"' in m-, and p-Hydroxyacetophenone. 
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CHAPTER 7 
CALCULATION OF THERMODYNAMIC QUANTITIES 
7.1 Introduction 
Infrared and Raman spectra of polyatomic molecules have been used to the 
determination of the structure of these molecules. The contribution of the vibrational 
energy possessed by molecule can be calculated usii^ the vibrational frequencies 
obtained from the Raman and infrared spectra of molecule. Infrared and Raman 
spectra have been used also for chemical analysis, including the detection of new 
compoimds in certain mixtures (which are not easily obtainable from chemical 
detection). The computation of thermodynamic fiinctions appear to be one of the most 
important ^plication of infrared and laser Raman spectra of complex molecules. 
From the vibrational data obtained from the spectra, Urey (1), Tolman and Badger (2) 
first suggested that it is quite possible to calculate with accuracy the values of various 
thermodynamic fimctions. This is of great practical importance particularly since the 
direct experimental measurements of these quantities is quite difficult. The 
thermodynamic functions of benzene derivatives have be«i the subject of many 
investigators [3-20], since the values of the thermodynamic functions calculated from 
the spectroscopic data are more accurate than the values obtained fix)m the thermal 
measurements. Tlus cluq>ter is devoted to calculate the vibrational contribution to the 
thermodynamic functions alongwith the procedure and theory of 2,3,5- Tri-
iodobenzoic acid, 3P-Tosyl Cholest-5-ene, 3P-hydroxy-5P-methyl-19-nor.Stigmast 
9(10)-en-6a-ol, meta- and para-Hydroxyacetophenones using fundamental 
frequencies of these molecules observed in the Raman and Infrared spectra, at a 
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pressure of 1 atmosphere in the temperature range 100-1500 K under rigid rotor-
hormonic oscillator approximation. . We have plotted the curves between the 
temperatures.and thermodynamic functions to know their variations with respect to 
different temperatures. 
7.2 Procedure and Theory 
On the basis of molecular data obtained from the vibrational spectra it is 
possible to predict thermodynamic functions, such as heat capacity of the particular 
gases. These thermodynamic functions have been calculated for an ideal gas under the 
approximation of harmonic oscillator model for not too high temperatures. At high 
temperatures the effect of the anharmonicity is large. 
The total energy of a system of molecules is given by 
E=€trans+ Groc + €vib + €elec- 0) 
The partition function is given by 
Z='£gfi-^''" - - - ( 2 ) 
i 
where gi is the statistical weight of the i* energy level [21], k is the Boltzman constant 
and T is the absolute temperature. Contribution of each partition function may be 
evaluated separately and then added to obtain the total values. The electronic 
contribution is small and hence ignored. This is because €eiec is large in comparison to 
kT at ordinary temperatures. 
And tiie total partition function (Z) can be expressed as the product of the individual 
partitions functions. Hence 
^ ~ ^irans • ^rot- ^ i b - ^ lec (3 ) 
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Where the subscripts trans, not, vib. and elec. stands for translation, rotational, 
vibrational and electronic respectively. 
Thermodynamic functions such as Enthalpy, heat capacity, Free energy and 
Entropy have been calculated to the formula given by Herzberg [22]. 
For the vibrational partition function harmonic oscillator approximation is 
made and the vibrational contribution to Enthalpy, Heat capacity, the Free energy and 
the Entropy is given by 
_Rhc^d,o),e-"-'-^^^ _ _ _ 
kT 4^(l-e-"-'^'") ^ ^ 
" IkTJrd-e-'"'^"'^)^ — (5) 
F = -R2]djln(I-e-"''""'^) (6) 
j 
S=-Ryd,In( l -e-" ' '« '")+ R - ^ y M i ^ - - — ( 7 ) 
where coi is in cm'' and the summation is taken over all fundamentals of the molecule. 
Thus if the fundamental frequencies of a molecule are known, the evaluation of the 
vibrational Enthalpy, Heat Capacity, Free energy and Entropy is a simple matter. 
7.3 Results and discussion 
The various thermodynamic functions computed for the 2,3,5-Tri-iodobenzoic 
acid,3p- Tosyl- Cholest-5-ene, 3p-hydroxy-5p-mediyl-19-nor.Stigmast9(10)-en-6a-
ol, meta-,and para-Hydroxyacetophenones molecules have been shown in the 
163 
Tables 7.1-7.5. The calculations of thermodynamic functions at various temperatures 
(100-1500 K) were carried out for one mole of the ideal gas at one atmospheric 
pressure. The variation of the enthalpy function, the heat capacity, Free energy and 
Entropy at constant pressure with absolute temperature have been shown in Figures 
7.1-7.10. 
The enthalpy function represents total energy stored in a system. When a 
system changes from solid to liquid to gaseous state, the enthalpy of the system 
increases. Similar trend is reflected for the enthalpies values for all molecules as we 
increase the temperature in the range 100 to 1500 K. The entropy is regarded as the 
measure of randomness in a system. As the temperature increases, entropies also 
increase as is shown in Tables 7.1-7.5. Similar trend has been followed for the value 
of free energies and entropies for the all molecules imder investigation. 
It was also foimd that thermodynamic functions rise more rapidly in the low 
temperature range and less rapidly in the high temperature range. The h^monic 
oscillator approximation in which the above quantities have been calculated are poor 
one. Since for higher vibrational levels the influence of anharmonicity is large. The 
variation of these thermodynamic are in good agreement with the trend reported in 
the literature [17-19, 23-31]. The idea given by Allen and Sutlon [32] has also been 
taken into accoimt that, there is no appreciable change in the shape and size of the 
phenyl ring from its magnitude in benzene to benzene derivatives. 
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Table 7.1. Vibrational contribution to TTiermodynamic functions of 2,3,5-Tri-
lodobenzoic acid (in cal K"' mole"'). 
Temp. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Enthalpy 
0.03570 
0.93216 
3.09395 
5.91939 
8.91818 
11.82319 
14.52004 
16.97596 
19.19524 
21.19661 
23.00288 
24.63655 
26.11825 
27.46623 
28.69638 
Heat Capacity 
0.26072 
4.15615 
10.88046 
17.81355 
23.82284 
28.69068 
32.56405 
35.65748 
38.15512 
40.19614 
41.88267 
43.28993 
44.47428 
45.47863 
46.33627 
Free Energy 
0.00499 
0.22350 
0.97701 
2.24505 
3.88798 
5.77333 
7.80142 
9.90332 
12.03318 
14.16100 
16.26742 
18.34015 
20.37158 
22.35726 
24.29481 
Entropy 
0.04069 
1.15566 
4.07097 
8.16444 
12.80616 
17.59652 
22.32146 
26.87928 
31.22842 
35.3576 
39.27028 
42.9767 
46.48983 
49.8235 
52.9912 
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Table 7.2. Vibrational contribution to Thermodynamic functions for 3p Tosyl 
Cholest-5-ene (in cal K"' mole"'). 
Temp. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Enthalpy 
0.05282 
1.43873 
4.71406 
8.86863 
13.15821 
17.22754 
20.95159 
24.31156 
27.32989 
30.04158 
32.48286 
34.68716 
36.68399 
38.49895 
40.15405 
Heat Capacity 
0.39443 
6.39856 
16.34595 
26.10377 
34.22932 
40.66152 
45.73387 
49.78194 
53.0596 
55.74767 
57.97573 
59.83899 
61.40924 
62.74175 
63.87976 
Free Energy 
0.00719 
0.34338 
1.49889 
3.41382 
5.85543 
8.61887 
11.55887 
14.57988 
17.62082 
20.64319 
23.62296 
26.54545 
29.40205 
32.1881 
34.90155 
Entropy 
0.06001 
1.78211 
6.21295 
12.28245 
19.01364 
25.84642 
32.51047 
38.89145 
44.95071 
50.68476 
56.10581 
61.23261 
66.08604 
70.68705 
75.0556 
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Table 7.3. Vibrational contribution to TTiermodynamic functions for 3p-Hydroxy-5P-
methyl-19. nor.Stigmast 9(10)-ene-6a-ol (in cal K"' mole"'). 
Temp. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Enthalpy 
0.03284 
1.0162 
3.43324 
6.5023 
9.64844 
12.60852 
15.29574 
17.70221 
19.84952 
21.76736 
23.48524 
25.02973 
26.42378 
27.687 
28.83599 
Heat Capacity 
0.25265 
4.63676 
12.0448 
19.19408 
25.0387 
29.58391 
33.10842 
35.87977 
38.0969 
39.89885 
41.38288 
42.61855 
43.65701 
44.53675 
45.28741 
Free Energy 
0.00436 
0.23514 
1.06841 
2.46928 
4.26002 
6.28458 
8.43366 
10.63625 
12.84765 
15.04014 
17.19684 
19.30771 
21.36713 
23.37234 
25.32233 
Entropy 
0.0372 
1.25134 
4.50165 
8.97157 
13.90846 
18.8931 
23.7294 
28.33846 
32.69716 
36.8075 
40.68208 
44.33744 
47.79093 
51.05933 
54.15833 
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Table 7.4. Vibrational contribution to Thermodynamic functions for m-
Hydroxyacetophenone (in cal K"' mole"'). 
Temp. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Enthalpy 
0.23208 
1.92405 
4.37341 
7.0484 
9.70366 
12.21605 
14.54123 
16.6748 
18.62795 
20.41637 
22.05596 
23.56156 
24.94656 
26.22299 
27.40157 
Heat Capacity 
1.17704 
6.33857 
12.22088 
17.82596 
22.68522 
26.74658 
30.13912 
33.00204 
35.44065 
37.53061 
39.32862 
40.87974 
42.22121 
43.38438 
44.39584 
Free Energy 
0.04738 
0.65586 
1.88548 
3.50813 
5.36803 
7.36195 
9.42216 
11.50524 
13.58371 
15.6403 
17.6642 
19.64879 
21.59018 
23.48626 
25.33619 
Entropy 
0.27945 
2.57991 
6.25889 
10.55653 
15.07169 
19.57799 
23.96339 
28.18004 
32.21166 
36.05667 
39.72017 
43.21035 
46.53674 
49.70925 
52.73775 
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Fig. 7.7: Variation of N^brstoial Enttialpy and heat capacity VMthabsolUeten^ 
m-Hydraxyaoetophenone. 
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Table 7.5. Vibrational contribution to Thermodynamic functions for p-
Hydroxyacetophenone (in cal K'' mole"'). 
Temp. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Enthalpy 
0.08155 
1.20824 
3.16834 
5.44098 
7.77331 
10.02627 
12.13825 
14.09105 
15.88628 
17.53338 
19.04432 
20.43141 
21.70639 
22.88018 
23.96269 
Heat Capacity 
0.51946 
4.55157 
9.68033 
14.77629 
19.31416 
23.15492 
26.37072 
29.07373 
31.35978 
33.30298 
34.96122 
36.38107 
37.60079 
38.65219 
39.56177 
Free Energy 
0.01304 
0.34355 
1.18741 
2.40626 
3.87142 
5.48964 
7.1958 
8.9459 
10.71074 
12.47103 
14.21403 
15.93143 
17.61787 
19.27003 
20.88601 
Entropy 
0.09459 
1.55178 
4.35576 
7.84723 
11.64474 
15.51592 
19.33405 
23.03695 
26.59702 
30.00441 
33.25835 
36.36283 
39.32426 
42.15021 
44.8487 
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Abstract : The Stokes as well as ami- Stokes Laser Raman spectra of 2.3,5-tri-iodobenzoic acid have been recorded in the regions 150-4000 
cm' on Spectra Pro-500 Laser Raman Spectrometer using 4880 A" emission line of Argon ion Laser as a source of excitation. FTIR spectra of above 
compound haw also been recorded in solid phase as well as in liquid phase in the regions 400-4000 cm"' on Perkin Elmer FTIR spectrophotometer. The 
vibrational analysis has been carried out by taking this molecule to belong to Cs- point group. The observed frequencies were assigned to various modes 
of vibration on the basis of intensity, fcequencics from similar molecules. 
Keywords : Laser Raman spectra, FTIR spectra, 2,3,S-lri-iodobenzoic acid 
PACS Nos. : 33.20.Ea, 33.20.Fb, 33.20.Tp 
1. Introduction 
lodo-substit Jted benzene derivatives has been the subject of 
spectroscopic investigation in infrared region. The FTIR and 
las^r Raman spectra of benzoic acid and mono-substituted 
benzoic acid have been studied by several workers (1-5]. Fletts 
[I] in 1955, has reported vibrational spectra of sixty corboxlic 
acids. Green [2] in 1977, has repotted the complete analysis of 
benzoic acid and some substituted benzoic acids. Ansari and 
Verma [3] have reported spectral studied of benzoic acid, Phthalic 
acid and salicylic acid. Rastogi et al [4] have reported the 
vibrational study of 3,5-di-nitro benzoic acid. Mohan and Arul 
Das [5] have reported the vibrational study of para-
chlorobenzoic acid. However, there is no report on vibrational 
spectra of 2.3,5-tri-iodobenzoic acid in the literature. Therefore, 
it is desirable to record the FTIR and Laser Raman spectra of 
2,3,5-tri-iodobenzoic acid and to study the complete vibrational 
analysis on the basis of Cs-point group. 
2. Experimental details 
The chemical 2,3,5-tri-iodobcnzoic acid is a white crystalline 
solid. It was obtained from SpectroChem. Pvt. Ltd., Mumbai and 
was used as such. FTIR spectrum of above compound was 
recorded in the region 400-4000 cm'' in solid phase as well as in 
liquid phase on Perkin-Elmer FTIR spectrophotometer in the 
Chemistty department of Delhi University, Delhi. The Stokes as 
well, as anti-Stokes Laser Raman spectra of above compound 
hav^ been recorded on Spectra-Pro-500 Laser Raman 
spectrophotometer using 4880 A radiation from an Argon ion 
Laser operating at 4W. These were recorded in lif. N. Saha 
Spedtroscopy Laboratory of Allahabad University's Physics 
Department, Allahabad. These spectra have been shown in the 
Figures 1-4. 
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Figure I. Sloke's Ljiscr Kaman spectrum of 2. 3. $-in-iodobeazoic actd. 
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In these spectra, the positions of Stokes and anti- Stokes 
lines have been shown in wavelengths (A) In order to get the 
frequencies of Stokes lines and anti-Stokes lines, the following 
procedure has been lised. The wavelengths of these positions 
have been converted into the corresponding wave numbers 
1200 -
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4600 
Figure 2. Anti-Sloke's Laser Raman spectrum of 2. 3. 5-iri-iodot)enzoic 
acid 
Cnr' 
Figure 3. FTIR spectrum of 2. 3, S-tri-iodobenzoic acid 
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and these wave numbers have been subtracted from the wave 
number corresponding to the exciting line Therefore in the Tabic 
1, the frequencies of Stokes as well as the frequencies of anti-
Stokes lines have been shown in cm"', 
Tabic 1 Observed vibralional frequencies in FTIR and Laser Raman 
spectrum of 2.3,S-tri-iodobenzoic acid 
FTIR (cm ') L R (cm') Symmetry Assignments 
Stolce's anii-stoke's species 
454 
507 
592 
676 
686 
721 
777 
836 
870 
899 
1001 
1015 
1106 
1196 
1223 
1275 
1359 
1375 
1397 
1407 
1518 
1542 
1568 
1711 
1785 
1807 
1955 
2114 
2341 
2360 
2546 
166 
330 
451 
531 
610 
689 
806 
922 
998 
i i n 
1186 
1297 
1407 
1551 
1799 
1972 
2074 
2209 
2375 
2505 
2569 
694 
784 
921 
1013 
1199 
1341 
1152 
1485 
1680 
1779 
1979 
2132 
2338 
2495 
a" 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
A" 
A' 
A' 
A' 
A' 
A" 
A" 
A" 
A' 
A' 
A' 
A' 
C-l 0 pb 
C-i i p h 
C-l sireich 
C-l stretch 
C-l stretch 
C-C 0 p b 
C-C 0 p b 
C-C 0 p b 
C-C 0 p b 
C-H 0 p b 
C-H o p b 
C-H o p b 
C-OH o p b 
C-C nng brcathmg vib 
C-C 1 p b 
C-C 1 p b 
C-C 1 p b 
C-0 stretch 
C-H 1 p b 
C-H i p b 
C-OH 1 p b 
CiC stretch 
C-C stretch 
C-C stretch 
C-C stretch 
C-C stretch 
C-C stretch 
C=0 stretch 
(1001+777) 
(1223+592) 
(1359+592) 
(15151+531) 
(1106+1015) 
(1199+921) 
(1297+922) 
(1568+777) 
(1359+1001) 
(2x 1186) 
(1407+1111) 
(1542+1001) 
Figure 4. FTIR spectrum of 2, ''•. S-ln-iodobcnzoic acid in 1. 4-dioxane Conid 
luisc'i Raman and FTIR spedia of 2 ? 'i Tn lodobcnzoic acid Ml 
FTlR (tm') 
2(,-M 
270S 
2932 
3022 
3062 
3122 
328S 
34S4 
LR 
SloV.e's 
2633 
2697 
2791 
2S54 
2916 
3038 
3099 
3249 
3316 
3396 
(cm ') 
anil sluKc s 
2817 
2926 
3373 
Syminciry 
species 
A 
A 
A 
A 
A 
a 
J 
A 
A 
a 
Assignmenis 
(|3'>9+I27S) 
(17 I I+ I00 I ) 
(1485+1341) 
(l'iSl + 1297) 
(1 SI 8+407) 
C H sirelch 
C H stretch 
(1711+1407) 
(1711+1S68) 
O H stretch 
I p b = in plane bending o p b = out or plane bending stretch= stretching 
Table 2 Observed frequency shift in 2 3 S - tri lodobcnzoic acid in I 4 
- Dioxanc 
FTIR 
frequencies 
(cm') 
3454 
1711 
ises 
1542 
1518 
1407 
1397 
1223 
1196 
1015 
899 
886 
721 
676 
507 
1 p b - in 
0 p b - out 
FRTIR 
frequencies 
in solvent 
( cm' ) 
3414 2 
1 7 1 6 0 
ISS9 0 
1536 2 
1512 1 
1428 
1384 2 
1213 6 
1138 
1077 3 
881 4 
833 
750 
668 
524 4 
plane bending, def 
of plane bending 
Frequency 
shift (cm ') 
39 8 
5 0 
7 0 
6 2 
6 1 
21 0 
9 2 
1 0 6 
58 0 
62 3 
18 4 
3 0 
29 0 
8 0 
17 4 
0 o p - defonnation 
Mode 
O H stretching 
C=0 stretching 
C-C sireiching 
C-C stretching 
C-C stretching 
C-C stretching 
C-C stretching 
C-O stretching 
C-C i p b 
C-C i p b 
C-OH def 0 0 p 
C-H 0 p b 
C-C o p b 
C-C o p b 
C-1 stretching 
i out of plane bending 
3. Discussions and analysis 
TTie molecule 2,3,5-lri-iodobcnzoic acid is a iri-subsutulcd 
bcnioic acid or wc can say thai a is a tclra-substituted benzene 
The vibradonal bands observed in the infrared region arc very 
sharp, broad and less intense All these bands have been 
assigned in terms of various rundainentais combinaimn 
vibrations This molecule belongs to Cs-poini group In this 
point group, there arc two types of vibrations, planar (a') and 
non-planar (a") occur The observed lundamcntal frequencies 
and their probable assignments are presented in the Table 1 
Table 2 describes the observed frequency shifts due to solvent 
effect Since the vibrational spectrum of a molecule is affected 
by environmental factors, as a result the changes in the shape, 
frequency and intensity of the bands are observed The shili m 
0-H stretching vibration may be due to hydrogen bonding with 
2,3,5- tri-iodobenzoic acid Shift m C=0 stretching vibration is 
due to the strong interaction of the parent molecule with the 1,4 
dioxane In other vibrations as well as the molecular interaction 
with the parent compound is more pronounced Solvent shift is 
obtained in most of the stretching vibrations and out of plane 
vibrations C-I stretching vibration of 507 cm ' has been 
increased to 524 cm ' This shift in the C-I stretching vibration is 
due to heavy mass of Iodine atom being influenced by 1,4 
dioxane solvent 
3 I C-H Vibratiom 
In aromatic compounds, C-H stretching frequencies appear m 
the range of 3000-3100cm ', C-H in plane bending in the range 
of 1000-1300 cm ' and C-H out ot plane bending vibration in the 
range 750-1000 cm ' There are six C-H stretching frequencies in 
the benzene with following modes of the vibration a, (3062 
cm '),b,„(3060cm '),6^^(3047cm ')ande, J3099cm-1) Last 
two modes are doubly degenerated In the present case, the 
frequencies 3060 cm ' and 3022 cm ' are assigned for C-H 
stretching modes in the 2,3,5-tn-iodobenzoic acid in FTIR 
spectrum of compound These bands are observed at 3038 
cm ' and 3099 cm ' in the Laser Raman spectrum These 
assignments arc m good agreement with [6,7] The six C-H in 
plane bending vibrations are derived from a^  (1340 cm '), 
bj^(1037cm '),C2^(ll,78cm-'),e,„(1037cm ') modes of benzene 
The frequencies 1359 cm ' and 1275 cm 'are assigned for C-H 
in plane bending and are in favorable agreement with values 
given in the literatures [8,9] The out of plane bending vibrations 
in the benzene arise from b-(995 cm '), ej^(975 cm '), c, (849 
cm ') and Bj^ , (671 cm'') modes of benzene The frequencies 836 
cm ' and 870 cm ' have been assigned to C-H out of plane bending 
vibrations These assignments arc in agreement with those of 
previous workersf 10-12] In this molecule, we have observed 
only two C-H stretching, two C-H in plane and two out of plane 
bending vibrations due to the fact that four other vibrations will 
correspond to the substituents 
3 2 C-C Vibrations 
Amongst the C-C ring stretching frequency of benzene, the ring 
breathing vibration a, (991 cm ') undergoes some change in its 
magnitude whereas other frequencies are affected slightly upon 
the substitution Tlic magnitude of the ring breathing vibration 
remains near about l(XX)cm ' In the present case, a frequency 
observed at 1001 cm ' has been assigned as ring breathing 
vibration The four characteristics stretching modes of C C m 
thcbenzcncarc namelye, (1585 cm'),C|^(l485cm'),bjj^(l370 
cm ')anda| (991 cm ') The frequencies 1010cm ', 1568cm ' 
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1542cm ', 1518cm ',1407 cm 'and 1397 cm ' have been assigned 
as C-C slreichmg vibrations forlhe present molecule The ring 
deformation frequencies in substituted benzenes are derived 
from e^  (606 cm''),b2 (703 cm'') and e.^(AQ5 cm ') modes of 
benzene Modes Cj (606 cm'') and e^ ^ (405 cm'') are doubly 
degenerate while mode bj (703 cm'') is non-degenerate . The 
frequencies at 1196 cm''t, 1106cm"' and 1015 cm"' have been 
assigned as C-C deformation in plane and frequencies at 771 
cm ', 721 cm'', 686 cm'' and 667 cm ' have been assigned as C-
C deformation out of plane for the present molecule. 
3 3 COOH group vibrations: 
0-H stretching band is characterized by very broad band 
appearing near about 3400 cm''. The band observed at 3454 
cm' has its origin in the 0-H stretching vibration .The C = O 
stretching is a characteristic frequency of carboxylic acid. The 
band appearing at 171 Icm' is assigned as C = O stretching 
vibration in FTIR spectrum and in the anti-Stokes Laser Raman 
spectrum this band has been assigned at 1680cm''. O-H bending 
in plane occurs between 1440-1395 cm'' and out of plane bending 
occurs between 960-875 cm''. The frequency at 1375 cm'' is 
assigned as OH in plane bending vibration and frequency at 
899 cm'' IS assigned as OH out of plane bending vibration for 
the present molecule. The present assignments agree well with 
the values available in the literatures [13-17]. 
3.4. C-I Vibrations: 
C-I stretching vibration appears near 500 cm''. In the present 
investigation, the bands appearing at 454 cm"', 507 cm' and 592 
cm'' have been assigned to C-I stretching vibrations in FTIR 
spectrum of the compound. The frequencies at 451 cm"' and 531 
cm' have been assigned to C-I stretching vibrations in Stokes 
Laser Raman spectrum of present molecule. The vibration has 
been assigned by Ahmed et al [18] at 454cm'' in the p-iodo 
nitrobenzene. The bands observed at 166 cm' and 330 cm' 
have been assigned to C-I out of plane bending vibration and 
C-I m plane bending vibration in the Stokes Laser Raman 
spectrum respectively. 
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Vibrational Spectra of Cholesterol derivative and its Assignments 
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Abstract- The FT-Laser Raman Spectrum of Tosyl Cholesterol molecule was recorded using Nd-YAG laser operating 
at 1064 nm as a source of excitation in the region 50-3500 cm'. The FTIR qiectra of above molecule have also been 
recorded in the solid phase as well as in the liquid phase in the regions 400-4000 cm''. The molecule has been taken to 
belong to Cs- point group. Symmetric and asymmetric vibrations have been explained to a' and a" re^iectivety. These 
molecular vibrations have been correlated with the vibrations observed in the FTIR spectrum of said molecule. 
Keywords: Vibrational spectra, Tosyl Cholesterol, assignments 
PACS: 33.20 Ea, 33.20 Tp 
1. Introduction: 
Steroids, include sterols, bile acids, sex hormones. Vitamin D, corticoids, 
sapogenins and alkaloids. These compounds have been found to be highly biological 
activity. These are important compounds to prepare the drugs for several ailments in the 
body. The steroids and their derivatives have been the subject of spectroscopic studies in 
infrared region due to the detailed investigations of R. N. Jones and his co-workers. The 
earlier work on the infrared absorption spectra of steroids has been studied by Jones and 
Herling [1], Jones and Standrofy [2]. Anatlas containing infi'ared spectra of large nimiber 
of steroids has been studied by Dobriner, Katzenellenbogen and Jones [3,4]. Recentiy, 
Yogesh Kumar Agarwal and P. K. Verma [5] have reported the infrared spectra of C6-
Spiro steroidal tetrazene and its Chloro, Bromo, lodo, and Acetate derivatives. Infirared 
spectra of Cholestane 3-one and Cholestane-7-one have been investigated by R. N. Jones 
[6]. The Raman spectra of steroids were not reported in the literature earlier. Therefore, it 
was thought desirable to record the Laser Raman spectra of steroids to give the detailed 
vibrational analysis. The present paper deals with FT-Laser Raman spectra of steroid, 
namely, Tosyl Cholesterol along with the FTIR spectrum. The 
Fig. 1 The molecular structure fomiula of Tosyl Cholesterol 
CsH, 
TsO 
Where structure of Ts (Tosyl) group is shown below 
O 
I 
— s— 
o 
observed vibrational bands have been analyzed in terms of fundamentals, combinations 
and difference vibrational frequencies and probable modes have been assigned. 
2. Experimental Details: 
The above steroid has been prepared in Steroidal Research Laboratory, 
Department of Chemistry, Aligaria Muslim University, Aligarh. The molecular structural 
formulae of Tosyl Cholesterol has been shown in the figure (1). It was in solid form at 
room temperature and was used as such for recording the FT-infrared and the FT-Laser 
Raman spectra. The FTIR spectra of compound was recorded in solid phase using KBr 
pellets technique as well as in the liquid phase using methanol as a solvent in the the 
regions 400-4000 cm'' on Perkin Elmer FTIR Spectrophotometer equipped with 
computer datamate. The resolution of the FTIR Spectrophtometer was 4.0 cm"'. These 
were recorded in the Chemistry Department of Delhi University, Delhi. The traces of 
these spectra have been shown in the figures (2-3). The FT-Raman spectrum of the 
compound was also recorded using Bruker IFS FT-Raman spectrometer at I.I.T. Madras. 
It was obtained in the range 50-3500 cm"' using Nd-YAG Laser at wavelength 1064 nm 
and power 200mW and a germanium diode detector. This spectrum is presented in the 
figure 4. 
3. Results and Discussion: 
FT-Laser Raman and FTIR spectra of steroid are complex due to fact that its 
structure is not a simple and uniform one. Vibrational spectra of complex polyatomic 
molecules play an important role to recognize the various vibrations. In this paper we 
have studied the complete vibrational analysis of the steroid, namely, Tosyl Cholesterol 
through FT-Laser Raman and FTIR spectra. It is the Tosyl derivative of 3P-hydroxy 
Cholest-5ene (Cholesterol). H in the place of SP-position has been replaced by Tosyl 
group (Ts). Ts group i.e. p-toluene sulfonyl group contains an aromatic ring. If we 
assume that, as an approximation, each of the substituents groups as a single point mass 
and lies in the plane of the molecule, the molecule may belong to Cs-point group, having 
only one element of symmetry i. e. molecular plane containing all atoms. This molecule 
has only two types of vibrations i. e. planar (a') and non-planar (a") and will be active in 
both infrared and Raman. The observed vibrational frequencies with relative intensities 
and probable assignments are presented in the table 1-2. From the FTSR spectra of 
compound in solid phase and in the liquid phase i.e. in the solution of methanol. It has 
been observed that vibrational spectrum of the compound is affected by the 
environmental factors as a result of it changes in the shape, frequency and intensity of 
bands are observed. The frequency shifts observed in these spectra have been given in 
Table 3. The measurements of these spectral changes due to solvent may throw some 
light on the intermolecular forces. Therefore, the structural property of the methanol 
molecule gives rise to the break of the internal hydrogen bonding of solid and stabilize 
the open structure by means of the solute-solvent interactions. 
3.1 C-H Stretching ring vibrations- Since the overlap of absorption bands is 
appreciable in this region (3000-2850 cm"'), little information of the structural can be 
obtained from the C-H stretching vibrations of methyl and methylene groups in steroids. 
The C-H bands attached to the unsaturated groups are, however, readily distinguished by 
their high stretching frequencies (>3000 cm"'). In the present investigation the bands 
observed in FTIR spectrum at 3034, and 3057 cm'' have been assigned to C-H stretching 
vibrations. In the FT-Raman spectrum the above band has been appeared at 3070.7 cm''. 
The above assignments are in good agreement with the earlier reports (5,7-9). 
3.2 C-H in plane deformation and Ring Breathing modes- A number of 
characteristic absorption bands in the region 1100-1300 cm"' are to the C-H in-plane 
deformation. The position and number of C-H in-plane deformation modes depend on the 
orientation and number of the isolated ring hydrogen atoms. In this paper the bands 
observed at 1128, 1178, 1193, 1238, 1257 and 1291 cm"' in FTIR spectrum have been 
assigned to C-H in-plane bending vibrations. Their counter part bands have been 
observed at 1131.4, 1179.4 and 1265.5 cm'' in the FT-Laser Raman spectrum. These 
results agree very well with earlier work [2,10,11]. Ring breathing vibration modes 
generally occurs around 1000 cm'. In the present investigation this vibration has 
appeared at 1010 cm'' in FTIR and at 1013.4 cm"' in FT-Raman spectrum of Tosyl 
Cholesterol. This band was assigned at 1010 cm'' in ref. [12]. 
3.3 C-H out-of-plane bending vibrations- Bands appearing in the region (700-
900 cm') have been attributed to the C-H out-of-plane bending vibrations and positions 
of these bands depend on the number of free hydrogen atoms adjacent to one another. In 
the present paper, these bands have been found at 659, 666, 704, 812 and 836 cm"' in 
FTIR spectrum. The above bands in FT-Laser Raman spectrum were obtained at 641.6, 
674.1 and 806.1 cm''. These vibrations are in favourable element with values given in the 
literature [12-15]. 
3.4 C-S stretching vibrations- The C-S stretching frequencies generally appear as 
a band of weak or moderate intensity in the range 720-570 cm"'. L. J. Bellamy [16] has 
suggested that the C-S stretching vibration normally appears in the infrared as a weak 
absorption in the range 700-600 cm' and C-S out- of- plane bending vibration nearly 500 
cm"'. In the present study the band observed at 715 cm"' has been assigned to C-S 
stretching vibration in the FTIR spectrum. This frequency was identified at 700 cm'' in 
(C6-SPT) by Agarwal et al [10]. A band observed at 500 cm'' has been assigned as C-S 
out of plane bending vibration in the FTIR spectrum of the compound. A C-S stretching 
vibration has been assigned at 695 cm'' by [17]. The above assignments also agree with 
[18-20]. Ruifeng et al [18] and B. H. Stuart [19] have obtained C-S stretching vibrational 
frequencies at 735 and at 732 cm'', respectively. 
3.5 S-O stretching vibrations- C. N. R. Rao [21] and L. J. Bellamy [16] have 
suggested that S-O stretching vibrations occur in the region 890-950 cm''. The S-O 
stretching frequency has been observed as a strong band around 900 cm'' by [22] and 
around 860 cm'' by [23]. In the light of above discussion, in the present investigation the 
bands observed at 865, 888 and 939 cm*' have been assigned to S-O stretching vibrations 
in FTIR spectrum and in FT-Laser Raman spectrum, these are at 894.9 and 962.7 cm'' of 
the compound. 
3.6 Angular methyl group vibrations- C .N. R. Rao [21] has suggested that 
angular methyl group vibrations in the region (1374-1392 cm'') in between two six 
membered rings (C-10) and in between a five and a six membered rings(C-18) in the 
region (1372-1383) cm'. The above vibrations have been assigned at 1385 cm'' and at 
1370 cm'' in (C6-SPT) by [5]. In the light of above results, in the present investigation 
the above vibrations are obtained at 1353.5 and at 1387.3 cm'' respectively in FT-Laser 
Raman spectrum of the same. 
The rocking vibrations of CH3 group interact with other modes as a result of 
this interaction the rocking mode frequency does not appear consistently. Several workers 
[24,25] have assigned these vibrations at about 1170±40 cm*'. D. Premaswarup et al [26] 
have assigned out of plane rocking mode of CH3 group at 1050 cm"* in 2-Bromo-5-
nitrotoluene, at 1080 cm' in 2-Bromo-4-nitrotoluene, at 1080 cm'' in 4-chloro-3-
nitrotoluene. In the present investigation this vibration has been assigned at 1045 cm'* in 
FTIR spectrum. Their counter parts has been assigned at 1031 cm"* in FT-Laser Raman 
spectrum. Shabbir Ahmed and P. K. Verma [16] have reported this vibration at 1135 cm'* 
in 3,4,5-trimethoxybenzaldehyde. Yogesh Kumar Agarwal and P. K. Verma [5] have 
assigned this vibration at 1060 cm"' in the infrared spectra of C6-Spiro steroidal 
tetrazenes. 
A. R. Shuicla et al [28] have observed a very weak Raman line at 184 cm" in 
2,3- Dimethylaniline. In the present suidy, we have observed a Raman Line at 118 cm'' in 
FT-Laser Raman spectrum which we have assigned tentatively to this mode. The 
asymmetric deformations of the substituent methyl groups are to be expected in the 
region 1410-1470 cm''. A. R. Shukla et al [28] have shown the Raman spectrum in which 
the frequencies 1462, 1450, 1443, 1438 cm'' were assigned C-CH3 asymmetric 
deformations. The above band has been found at 1445 cm'* in FT-Laser Raman. Some of 
these frequencies are also observed in the infrared spectra. In the present paper the two 
bands are seen at 1431 and 1469 cm'' in FTIR spectrum. 
In the spectra of 2,3-dimethylaniline, four asymmetric CH3 stretching are expected 
[29] in the range 2925-2900 cm''. A. R. Shukla et al [28] have found the above vibrations 
at 2941, 2967 and at 2978 cm''. Agarwal et al [5] have shown the CH3 asymmetric 
stretching vibrational frequencies at 2960, 2970, 2960 and at 2960 cm"' in Chloro, 
Bromo, lodo and Acetate derivatives of C6-Spiro-steroidal tetrazenes respectively. In the 
present paper the CH3 out of phase stretching have been assigned at 2949 in FTIR 
spectrum. In FT-Laser Raman spectrum the above symmetric and asymmetric CH3 
vibrations have been explained at 2871.9 and 2954.5 cm"'. P. K. Verma et al [5] have 
found the CH3 in phase stretching at 2870, 2860, 2875 and 2870 cm"' in infrared spectra 
of Chloro, Bromo, lodo and acetate C6- Spiro-steroidal tetrazenes respectively. In the 
present investigation the CH3 in phase stretching vibrational frequency has been assigned 
at 2873 cm' in the undertaken compound. CH3 asymmetric stretching and symmetric 
stretching vibrational frequencies have been assigned at 2965 and 2853 cm"' in IR 
spectrum of isomeric methoxybenzaldehyde by D. N. Singh et al [30]. The vibrational 
studies of 5, 6- dihydro-5-methyl uracil Krishna Kumar et al [31 ] have identified the CH3 
symmetric and asymmetric bands at 2933 and 2980 cm'' respectively. 
3.7 CH2 vibrations- Krishna Kumar et al [31] have identified the CH2 symmetric and 
asymmetric bands at 2839 and 2890 cm' respectively. In view of above finding in the 
present study the band observed at 2827, 2838, 2844 cm'' and assigned to CH2 symmetric 
stretching vibrations and bands observed at 2909 and 2931 cm'' are assigned to CH2 
asymmetric stretching vibrations, CH2 symmetric and asymmetric stretching vibrations 
have been assigned at 2835.8, 2854.6 and at 2910.5 cm'' respectively in FT-Laser Raman 
spectrum, further the scissoring and rocking mode of CH2 are identified at 1460 cm"' and 
729 cm' respectively. Krishna Kumar et al [31] have also verified these vibrations at 
1417 and 756 cm''. 
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Table No-1 Observed vibrational frequencies in FTIR spectrum of Tosyl Cholesterol and 
their probable assignments. 
L.Rfrequ. in cm-' 
466 
488 
500 
555 
623 
659 
666 
704 
715 
729 
812 
836 
865 
888 
939 
988 
1010 
1045 
1100 
1128 
1176 
1193 
1238 
1257 
1291 
1318 
1355 
1431 
1460 
1500 
1545 
1598 
1636 
1663 
1704 
1772 
1818 
1927 
Intensity 
2.0 
1.0 
4.2 
9.5 
3.2 
1.0 
8.5 
2.0 
1.0 
6.0 
7.5 
5.0 
6.5 
3.0 
10.0 
1.0 
2.5 
1.0 
5.0 
3.0 
9.0 
1.0 
1.0 
3.0 
2.0 
1.0 
10.0 
2.0 
4.0 
2.0 
1.0 
6.0 
1.0 
3.0 
2.0 
1.0 
1.0 
2.5 
Symmetry Species 
a" 
a" 
a" 
a' 
al 
a" 
a" 
a" 
al 
a« 
a" 
a" 
a' 
al 
a' 
a' 
a' 
a» 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
— 
a" 
a" 
a' 
a' 
a' 
A' 
A' 
A' 
A' 
A" 
A" 
Proposed vibrational 
assignements 
C-C o.p.b 
C-C o.p.b 
C-S o.p.b 
C-C i.p.b 
C-C i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b 
C-S stretch. 
CH2 rocking 
C-H o.p.b 
C-H o.p.b 
S-0 stretch. 
S-0 sretch. 
S-0 stretch. 
C-C stretch. 
Ring breathing vib. 
C-CH3 rocking 
C-CH3 rocking 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-H i.p.b 
C-0 stretch. 
Angular CH3 group b/w two 
six membered rings (C-10) 
C-CH3 asy.def. 
CH2 scissoring 
C-C stretch. 
C-C stretch. 
C-C stretch. 
(1010+623) 
(1010+659) 
(1010+704) 
(1128+666) 
(1318+500) 
(1460+466) 
Continued 
I..Rfrequ. in cm-' 
2184 
2367 
2528 
2597 
2620 
2827 
2873 
2919 
2949 
3034 
3057 
3181 
3431 
Intensity 
1.0 
2.5 
1.0 
1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
3.0 
3.0 
Symmetry Species 
Al 
A" 
A' 
A" 
A" 
a' 
al 
a" 
a" 
a' 
al 
Al 
Al 
Proposed vibrational 
assignements 
(1176+1010) 
(1355+1010) 
(2x1257) 
(1238+1355) 
(1431+1193) 
CH2 sym. stretch. 
CH3 in phase stretch. 
CH2 asy. stretch. 
CH3 out of phase stretch. 
C-H stretch. 
C-H stretch. 
(2x1598) 
(2873+555) 
Table No-2 Observed vibrational frequencies in FT-Laser Raman spectrum of Tosyl 
Cholesterol and their probable assignments. 
frequ. in cm-' 
118.9 
253.5 
302.1 
407.9 
433.4 
570.9 
641.1 
674.1 
703.5 
806.1 
894.9 
962.7 
1013.4 
1031.1 
1107.0 
1131.1 
1179.4 
1265.5 
1314.1 
1353.1 
1384.1 
1445.7 
1604.8 
1672.4 
2250.6 
2290.2 
2720.2 
2835.8 
2854.6 
2871.9 
2910.5 
2954.5 
3070.7 
3161.6 
3469.8 
Symmetry Species 
at 
al 
al 
a" 
a» 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
al 
a« 
a" 
a" 
a' 
A' 
A" 
A" 
A" 
a> 
a" 
a' 
a« 
a" 
a' 
A" 
A" 
Assignement 
CH3 torsional 
(1265-1013) 
(1314-1013) 
C-C o.p.b 
C-C o.p.b 
C-C i.p.b 
C-H o.p.b 
C-H o.p.b 
C-H o.p.b. 
C-H o.p.b 
S-0 stretch. 
S-0 stretch. 
Ring breathing vib. 
C-CH3 rocking. 
C-CH3 rocking 
C-H i.p.b. 
C-H i.p.b. 
C-H i.p.b 
C-0 stretch. 
Angular methyl group b/w two six 
membered rings (C-10) 
Angular methyl group b/w a six and a 
five membered rings (C-18) 
C-CH3 asy, def. 
C-C stretch. 
(1031+641) 
(1604+641) 
(1265+1031). 
(1604+1107) 
CH2 sym.stretch.. 
CH2 asy. Stretch. 
CH3 in phase stretch.. 
CH2 asy.stretch.. 
CH3 out of phase stretch.. 
C-H stretch. 
(2x1265+641) 
(3070+407)) 
Table No-3. Observed frequency shifts in Tosyl Cholesterol in methanol. 
FTIR freq. in KBr 
Pellet (cm"') 
2919.5 
2873.6 
988.0 
939.92 
865.94 
812.62 
729.67 
704.55 
666.87 
555.08 
FTIR frequ.in 
solvent 
2925.0 
2850.0 
975.5 
937.8 
864.4 
813.6 
738.0 
700.0 
665.7 
555.4 
Shifts in frequency 
5.5 
23.6 
12.5 
2.12 
1.54 
0.98 
8.33 
4.55 
1.10 
0.32 
Assignments 
CH2 asy. Stretch. 
CH3 in phase stretch. 
C-C stretch.. 
S-0 stretch. 
S-0 stretch. 
C-H o.p.b 
CH2 rocking 
C-H o.p.b 
C-H o.p.b 
C-C i.p.b. 
asy. Stretch.- asynunetric Stretching, o. p. b.- Out of plane bending, 
i. p. b.- In plane bending, asy.def.-asymmetric deformation, sym.stretch.-symmetric 
stretching 
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FTIR Spectra of 3p - Tosyl Cholest-5-ene and 3p - hydroxy-5(3 -methyl -19 ner. 
stigmast 9(10)-6 en - 6a - ol 
MoliammadChaman andP.K. Verma 
Department of Physics, 
Aligarh Muslim University, 
Aligarh - 202 002 (U.P.), India 
Ehtsham Hussain Khan, Sheeba Shafi, Shafiullali 
Steroidal Research Laboratory, 
Department of Chemistry, 
Ahgarh Muslim University, Aligarh - 202 002 (U.P.), India 
ABSTRACT 
Steroids have been prepared in the Chemistry Department, A.M.U., Aligarh. 
These are veiy important drugs and are used in the respiration and heart problems. 
These drugs increase the flow of blood and enhance the stability of the body. We have 
recorded the FTIR spectra of above mentioned steroids in Chemistry Department of 
Delhi University, Delhi on Perkin-Elmer FTIR spectrophotometer in the region 400-
4000 cm"'. Infrared bands are very sharp and well defined. Most of the prominent 
vibrations of steroids have been assigned to various fundamentals and combinations. 
The symmetiy of the molecules have been considered as Cj, point group. The vibrations 
which are responsible for tiie activity of steroids have been classified to various 
symmetiy species. 
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Electronic and FTIR spectra of 2.3.5-Triiodobenzoic acid 
Mohammad Chaman and P.K. Verma 
Department of physics 
Aligarh Muslim University 
Aligarh-202002 (U.P) India. 
FTlR spectrum of 2.3.5-Triiodobczoic acid has been recorded in the region 400-4000 cm-l on pcrkin-Elmer FTIR 
Spectrophotometer in the Chemistry Department of Delhi University, Delhi. Electronic spectrum of above compound 
has been recorded in ultraviolet region 2000-4000 A" on the computerized UV- Visible Spectrophotometer at Chemistry 
Department of Aligarh Muslim University, Aligarh. Infrared bands have been found that there arc three C-1 vibrations 
having strong intensities at 454, 507 and 592 cm' Electronic spectrum shows strong absorption at 2170 A** These 
electronic bands are very strong observed in the electronic spectrum of the above moleciilc. 
* * * * * 
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Laser Raman Spectra of 3 p- Tosyl Cholest-5-ene 
Mohd. Chaman and P. K. Verma 
Physics Department, 
Aligarh Muslim University, 
Aligarh(U.P)-202002, India. 
ABSTRACT 
Laser R.aman spectra of 3P- Tosyl Cholest- 5-ene compound was recorded 
using Argon ion laser operating at 4880A. Raman Spectra have been 
obtained towards the longer wavelength side of 4880A as well as shorter 
wavelength side. Stokes and Anti-stokes components were observed. Stokes 
component has more vibrational Raman bands as compared to those 
obtained in anti-Stokes component. C-C stretching, C-H stretching, C-H 
bending in - plane, C-H bending out -of-plane, CH3 rocking, angular methyl 
group vibration and other combination bands have been assigned for the said 
molecule. Most of the vibiatlons are quite sharp and well defined. Symmetry 
species of the various vibrations have been identified. The molecule has 
been taken to belong to Cs- point group. Symmetric and asymmetric 
vibrations have been explained to a' and a'' respectively. These molecular 
vibrations have been correlated with the vibrations observed in the FTIR 
spectra of the said molecule. 
NCLS - 2003 
NATIONAL CONFERENCE 
ON 
LASERS & SPECTROSCOPY 
(February 25-28, 2003) 
Meerut College, Meerut, India 
ABSTRACTS 
Editors 
H P Mital 
LalitMittal 
V K Rastogi 
ANITA PUBLICATIONS 
B-28, Second Floor, Sarvodaya Enclave, Delhi-110 092 
41 Electronic Absorption Spectra of 3P-TosyI-Cholest-5-ene and 3P-
hydroxy-5P-methyl-19-nor. stigmast 9(10)-en-6a-01 
Mohd Chaman, P K Vcrma and Shanullah* 
Department of Physics, Mif(arh Muslim University. Altfiarli-202002 
* Department of Chemistry. Aliaarh Muslim University Aligarh-202002 
Sieroids include sterols, bile acids, sex hormones. vitamin-D. corticoids, cardiac active principles, steroi-
dal sapogenins and steroidal alkaloids. These compounds have been found to be highly biological active. 
These are important compounds to prepare the drugs for several serious ailments in the body. We have re-
corded the electronic absorption spectra of two steroids namely: 3P-Tosyl Cholest-5-ene in methanol and 3P-
hydroxy-5P-methyl-l9-nor. Stigmast 9(10)-en-6a-ol in chloroform. The above steroids have been prepared 
in Steroidal Research Laboratory. Department of Chemistry, Aligarh Muslim Universtiy, Aligarh. Electronic 
spectra of above steroids have been recorded in ultraviolet region 2000-4000 A on the computerized Cintra-5 
UV-Visible Double beam Spectrometer-GBC Scientific Equipment Pvt. Ltd. Australia. The above sieroids 
belong to C, point group. The three electronic bands have been observed corresponding the electronic transi-
tions ('A —> 'L,) . ( 'A - • 'Lb) and ('A -»'B) in the electronic spectrum of 3p-Tosyl-Cholest- 5-ene. These 
bands are situated at 2480 A. 2620 A and 2050 A respectively. The one band is observed corresponding to the 
electronic transition ('A —» 'L,) at 2170 A in electronic spectrum of (3p -hydroxy-5P-methyl-19-nor. Stigmast 
9(10)-en-6a-ol. Due to high resolution of UV-visible spectrometer, other vibrational bands have been ob-
tained along with the electronic bands. 
NCPEOS - 2004 
NATIONAL CONFERENCE ON 
PERSPECTIVES IN ENGINEERING 
OPTICS & SPECTROSCOPY 
PROCEEDINGS 
(April 5-7, 2004) 
Venue 
Physics Department, CCS University, Meerut 
S^ ^ 
Organised by : Meerut College, Meerut 
Published by 
ANITA PUBLICATIONS 
B-28, Second Floor, Sarvodaya Enclave, Delhi-110 092 
FT-Raman Spectra of m-, p-Hydroxy acetophenones. 
Mohd. Chaman and P.K.Verma 
Department of Physics, Aligarh Muslim University 
Aligarh- 202002 
ABSTRACT 
In recent years Fourier Transform Spectroscopic techniques enjoys the advantages of the 
conventional IR and Raman Spectoscopy due to the very intensive developments of FT-
IR and FT- Raman spectroscopy and have attracted much interest by offering some 
unique features like versatility, high sensitivity and selectivity, large dynamic range, good 
temporal resulution and field applicability. In the present study, FT-Raman spectra of m-, 
p-hydroxy acetophenones were recorded using Bruker IFS 66V FT-Raman spectometer at 
I.I.T. Madras.These were obtained in the range of 250-3500 cm'' and as well as in the 
range of 100-1800 cm"'. If we assume that all the atoms of-COCHs group lie in the plane 
of the ring, m-, p-hydroxy acetophenones would have Cs- symmetry. Therefore, observed 
FT-Raman spectra of the compounds have been analysed on the basis of Cs-symmetry. In 
Cs- point group, there are only two types of vibrations that is plannar (a') and non-
plannar(a")occur. Therefore, various modes of vibrations have been assigned to the 
species plannar and non-plannar. FT-Raman bands are very sharp and well defined. Most 
of the prominent vibrations of the m-, and p-hydroxy acetophenones have been assigned 
in terms of various fundamentals and combinations. 
